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THURSDAY, MAY 21, 1959 


U.S. Senate, 
NASA AvuTHORIZATION SUBCOMMITTEE OF THE 
CoMMITTEE ON AERONAUTICAL AND SPACE SCIENCES, 
Washington, D.C. 

The subeommittee met, pursuant to recess, at 10:40 a.m., in room 224, 
Old Senate Office Building, Senator John Stennis presiding. 

Present: Senators Stennis, Young of Ohio, Cannon, Smith, and 
Martin. 

Also present : Max Lehrer, assistant staff director; Dr. Glen P. Wil- 
son, chief clerk, and Dr. Earl W. Lindveit, assistant chief clerk. 

Senator Stennis. May we have order, please ? 

We are glad to have our visitors with us this morning. It is always 
nice to have an open hearing where the press can be here. The chair- 
man has a very brief opening statement. 

This morning we will resume the hearings on the fiscal year 1960 
authorization request for the National Aeronautics and Space Admin- 
istration. 

As announced at the outset, consideration of the authorization re- 
quest was divided into two major phases. The first phase, which in- 
volved detailed consideration of the scientific and technical aspects of 
all important elements of our national aeronautical and space activi- 
ties een planned for the next 5 to 10 years, was concluded last 
month. 

The page proofs of these hearings have been placed before each of 
the members of the subcommittee and it is anticipated that the P inted 
hearings will be available for public release sometime next week. In- 
cidentally, I understand that that is going to be a very important 
document. We thank you gentlemen for your contribution and I 
think it will be helpful to the public as well as the Congress. 

Today, we shall begin hearings on the second phase of the authoriza- 
tion request; namely, a detailed examination of the specific projects 
and line items involved in the fiscal year 1960 authorization request 
of $485,300,000. 

Because of the interrelationships between the military and civilian 
space programs, the NASA authorization request for fiscal year 1960 
cannot be considered by itself, but must be considered in conjunction 
with the concurrent military space programs. 

To facilitate such joint consideration, copies of the NASA detailed 
budget justification books and of the first phase of the hearings on the 
1960 authorization have been furnished to the Department of Defense 
by the subcommittee. 

679 








680 NASA AUTHORIZATION FOR FISCAL YEAR 1960 


Furthermore, the Secretary of Defense and each of the military de- 
partments have been invited to have an observer in attendance at these 
hearings so that they can provide the subcommittee with their views 
concerning the rel: ationship of the specific items included in the NASA 
program to military requirements and to proposed military space 
programs. 

Since NASA witnesses will be expected to testify as to the interre- 
lationship between their programs and the military space programs, 
the Department of Defense was also requested to make available their 
detailed budget. estimate for the space programs included in the 
1960 budget for review by NASA. 

This information has just been received by the committee and has 
been made available to NASA. We shall not go into the military 
programs today, however, since NASA has not had an opportunity 
to study all the information provided by the Department of Defense, 
and there will be more time allowed for this. 

In order to complete the record, a copy of the letter of May 7, 1959, 
to the Secretary of Defense and of Dr. York's reply, dated May 19, 
1959, will be inserted in the record at this point, as well as a copy 
of the unclassified budget justification data for the Advanced Re- 
search Projects Agency of the Department of Defense, and a copy 
of S. 158 


(The documents referred to above are as follows :) 


U.S. SENATE, 
COMMITTEE ON AERONAUTICAL AND SPACE SCIENCES, 
Vay %, 1959. 
Hon. Nett McELrRoy, 
Secretary of Defense, Washington, D.C. 

Dear Mr. SECRETARY: As you will recall, earlier this year I requested you and 
the Secretaries of the Army, Navy, and Air Force to examine the transcript 
of the hearings held by this subcommittee on the NASA supplemental authoriza- 
tion for fiscal year 1959, and to advise us whether you agreed with the state- 
ments made by the NASA witnesses that there was no present or prospective 
duplication with any of the armed services with respect to the programs or 
facilities involved in the supplemental authorization. 

In making this request, I stated: 

“As you know, Public Law 85-568, which established the National Aeronautics 
and Space Adiminstration, contains several provisions designed to eliminate 
duplication in space activities between NASA and the armed services. I know 
you will agree that we must take every practicable step to prevent the waste of 
money and scientific and material resources that would be involved in any 
such duplication.” 

The Department of Defense responses to this request affirmed that there was 
no duplication with respect to the specific programs and facilities covered by 
the supplemental authorization for fiscal year 1959 of $48,354,000. No con- 
sideration was given at that time to the programs proposed by NASA and the 
Department of Defense for fiscal year 1960. 

This subcommittee is currently holding hearings on the NASA authorization 
for fiscal year 1960, which totals $485,300,000. The Administrator of NASA 
has testified that: “Today, we are making the downpayments on programs that, 
inevitably, will cost very much more in the years ahead.” In view of the large 
sums involved, the need for careful and detailed review of each of the pro- 
grams involved in the NASA request for fiscal year 1960 is self-evident. 

Because of the interrelationship between the military and civilian space pro- 
grams, it is necessary for this subcommittee to consider both the military and 
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civilian aspects in evaluating the NASA authorization request for fiscal year 
1960. 

Enclosed you will find four copies of the detailed budget justification books 
presented to the Congress by NASA in support of its fiscal year 1960 request of 
$485,300,000. As soon as they become available in the next few days, we will 
also send you four copies of the printed volume covering the first part of this 
subeommittee’s hearings on the NASA 1960 authorization request. These are 
being sent to you at this time so that there will be ample time for them to 
be studied carefully by your office and by each of the military departments 
prior to the initiation of the second phase of the NASA hearings, tentatively 
scheduled for May 19, 1959. 

The subcommittee invites you and each of the military departments to have 
an observer in attendance at these hearings, since your views, and those of the 
military departments, will be desired concerning the relationship of the specific 
items included in the NASA program to military requirements and to proposed 
military space programs. 

Since NASA witnesses will also be expected to testify as to the interrelation- 
ship between their programs and the military space programs, it is requested 
that this subcommittee be given four copies of all budget justification material 
covering the military space programs for fiscal year 1960. We would also ap- 
preciate receiving four copies of the firm military space program for the next 
6 years, concerning which Mr. Roy Johnson recently testified before the Sub- 
committee on Governmental Organization for Space Activities. 

Your cooperation in this matter is greatly appreciated. 

Sincerely yours, 
JOHN STENNIS, 
Chairman, NASA Authorization Subcommittee. 


DIRECTOR OF DEFENSE RESEARCH AND ENGINEERING, 
Washington, D.C., May 19, 1959. 
Hon. JOHN STENNIS, 
U.S. Senate. 

DEAR SENATOR STENNIS: Secretary McElroy has asked me to reply to your 
letter of May 7, 1959. Accordingly, I am forwarding as inclosures, (1) four 
copies of a document entitled “Congressional Presentation—Advanced Research 
Plan” which has been prepared by the Director of the Advanced Research 
Projects Agency, and (2) four copies of the “General Justification for the 
Budget Estimates for the Advanced Research Projects Agency for Fiscal Year 
1960.” Inclosure (1) should not be considered a “firm military space program” 
but rather a projection of military space program planning which serves to 
indicate the possibilities that could be realized over the next 8 years, if it is 
determined that these programs should be pursued after consideration of our 
total defense requirements. 

The military departments and the Advanced Research Projects Agency have 
carefully reviewed the proposed NASA Authorization Program for fiscal year 
1960. On the basis of the results of this review I am confident that there is no 
unnecessary duplication between the space program of the NASA and the De- 
partment of Defense. The broad program areas have all been coordinated 
thoroughly and I believe are mutually complementary. Within the broad pro- 
gram areas, however, there may be supporting tasks or projects that follow 
Similar lines of endeavor, since the techniques and equipment developments in 
certain cases are common to both scientific and military space vehicles. 

In this connection, the Administrator, NASA, and the Director, ARPA, have 
initiated the formation of permanent joint committees to make continuing 
evaluations of the programs and projects that are being conducted by both 
NASA and ARPA. Through this joint review which is now underway I feel 
certain that any unwarranted duplication that may be revealed can be quickly 
eliminated. 

Sincerely yours, 
HERBERT F. YorxK. 
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DEPARTMENT OF DEFENSE—ADVANCED RESEARCH 
PROJECTS AGENCY 


Bupeer EsrimaTes FOR SALARIES AND Expenses, ADVANCED RESEARCH 
Prosecrs Agency, Fiscan YEAR 1960 


GENERAL JUSTIFICATION 


APPROPRIATION LANGUAGE 


“SALARIES AND EXPENSES, ADVANCED RESEARCH PROJECTS AGENCY, DEPARTMENT 
OF DEFENSE 


“[[SALARIES AND EXPENSES] 


“For expenses necessary for such advanced research projects as may be desig- 
nated and determined by the Secretary of Defense[[, $520,000,000] pursuant to 
law, $455,000,000, to remain available until expended: Provided, That such 
amounts as may be determined by the Secretary of Defense to have been made 
available for related programs in other appropriations available to the Depart- 
ment of Defense during the current fiscal year may be transferred to and merged 
with this appropriation to be available for the same purposes and time period: 
Provided further, That such amounts of this appropriation as may be deter- 
mined by the Secretary of Defense may be transferred to carry out the purposes 
of advanced research to those appropriations for military functions under the 
Department of Defenes which are being utilized for related programs, to be 
merged with and to be available for the same time period as the appropriation 
to which transfered. (Department of Defense Appropriation Act, 1959.) 


Appropriated 1959, $520,000,000 Estimate 1960, $455,000,000 
Appropriated (adjusted) $399,742,000 


APPROPRIATION INTRODUCTION 
Salaries and expenses, Advanced Research Projects Agency, Department of 


Defense 
Fiscal year | Fiscal year | Fiscal year 
1958 1959 1960 

Appropriation or estimate - ---- --- ian Sehavinciontabemsoiwiin .-.----.-----] $520,000,000 | $455, 000, 000 

Adjustments by transfers. ; : wnt jacedeu $83, 100, 000 | —120, 258, 000 |_--- aii. 
Unobligated balance brought forward_.--- = cnsew att ‘ 67, 583, 806 39, 999, 806 
Unobligated balance carried forward_-.- -- Kioceniahaaeadeal —67, 583, 806 | —39, 999, 806 —39, 999, 806 
Total obligations.............-.-.-- tabadiddidencticns 15, 516,194 | 427, 326, 000 455, 000, 000 


This appropriation provides for the Advanced Research Projects Agency 
which is responsible to the Secretary of Defense for the planning, development, 
administration, and management of the various programs assigned. ARPA is 
the primary sponsor of military astronautics programs directed toward the im- 
provement of space technology for military purposes and the investigation of 
specific military application of space vehicles. ARPA is also conducting research 
and development related to such specific applications of military interest as 
reconnaissance, communications, navigation, and early warning of ballistic-mis- 
sile attack. 

PURPOSE AND SCOPE OF THE APPROPRIATION 


The current research and development program of the Advanced Research 
Projects Agency is concerned primarily with the application of space technology 
to military problems, with the investigation of improved methods of defense 
against ballistic missiles, and with propellant chemistry. Work may also be 
assigned to the Agency in other areas. 

1. Military science——Research in solid-propellant chemistry. The objective 
is the discovery of new chemicals, the development of practical methods of 
synthesis, and the knowledge required to utilize these materials in highly effi- 
cient solid propellants. The initial goal is to achieve a 10-20 percent increase in 
specific impulse over solid propellants now under development. 
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2. Missiles and related equipment.—To achieve improved missile defense, re- 
search in the nature of the threat, identification, and discrimination techniques, 
kill mechanisms, and data systems. The objective is to identify advanced tech- 
niques for missile defense that will be technically, operationally, and econom- 
ically feasible. 

8. Military astronautics and related equipment.—Studies, development, tests, 
and launchings of early warning, communications, and navigation satellites, and 
their components. In addition, development of the clustered booster, reconais- 
sance systems, and exploratory development leading to the application of ad- 
vanced technology to specific military problems. 

4. Programwide management.—Executive and technical management at 
ARPA headquarters. 

Summary of program by category 


Estimated obligations 


| Fiscal year | Fiscal year 
1959 1960 








Military sciences: Solid-propellant chemistry.....................-.....-.-.-| $13, 700,000 | $18, 000, 000 





Missiles and related equipment: 
Ballistic missile defense: 
1. Missile-flight phenomena -- | 25,000,000 | 























44, 650, 000 
2. Missile and satellite identification and kill_- bis. cleihdondn de 10, 000, 000 17, 600, 000 
3. Missile acquisition, tracking, and data SON Acs 4s 23, 000, 000 35, 250, 000 
4. Feasibility investigations and exploratory research. ----.-.-.--.--- 22, 000, 000 30, 600, 000 
Subtotal... eM EE eh SSR ES | 80,000,000 | 128, 100, 000 
Astronautics and related equipment: 
Military space technology: | 
1. Sentry-.-- eee aaa os teakininag eel articilcaeioneatele | 95,000,000 | 100,000, 000 
OD Ce 5. i on cinnineepanacnmeblave waasecevesno) ICRC 40, 000, 000 
Si Pe in occas ct SAT ed idenas deat 4, 500, 000 12, 000, 000 
4. Very early warning-- scat tSiei vinta Socios tele tac laaea 12, 000, 000 18, 000, 000 
5. Cloud-cover surveillance-- iaeede | et ae 
6. Manned satellite.. bashweas a5 ccammmnnanameme singh teenies SUI cease tere ote 
Y, | OPN ccins «dan egxce cece sen sccs san ccwccesemeewscesseseonswa 100, 000, 000 60, 000, 000 
8. High-energy upper eel innasienaeiuien oo aahioaite ; on TG GLE bo ons canrecns 
9. Clustered engine booster-.------------.--------------- TH 19, 000, 000 50, 000, 000 
10. Tracking and data acquisition --.----.--...-.---------------------- 17, 000, 000 17, 000, 000 
11. Feasibility investigations and exploratory OI cutecner tie 13, 441, 337 10, 000, 000 
12. Scientific space investigations... .-.-....-.-- cea aa ne 2 Too ee 
Se See eee ee ee | ae Re ee Be ee 331, 726, 000 307, 000, 000 
Programwide management and support: Executive and technical direction 1, 900, 000 1, 900, 000 
Mein pibdiens, 20s icicle nase ee te 427, 326,000 | 455, 000, 000 


EXPLANATION OF ESTIMATES, FiscaL YEAR 1960 
INTRODUCTION 


The programs of the Advanced Research Projects Agency are summarized in 
the following categories : 
Military sciences solid-propellant chemistry. 
Missile and related equipment, missile defense. 
Astronautics and related equipment, military space technology. 
Programwide management and support, executive and technical direction. 
The technical programs have been assigned to ARPA by the Secretary of De- 
fense, and the budget estimates have been developed to meet necessary national 
defense goals in these areas. 


PROGRAM AUTHORITY 


The Advanced Research Projects Agency was established by DOD Directive 
5105.15, February 7, 1958. This directive states that “the agency shall be re- 
sponsible for the direction or performance of such advanced projects in the field 
of research and development as the Secretary of Defense shall, from time to time, 
designate by individual project or by category.” 

DOD Directive 3200.5 established a procedure for the actual assignment of 
projects to ARPA. 
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Section 7, Public Law 85-325, dated February 12, 1958, as amended by the De- 
partment of Defense Reorganization Act of 1958, essentially endorsed the concept 
of special consideration being given to certain research areas by providing 
“the Secretary of Defense or his designee is authorized to engage in such ad- 
vanced projects essential to the Defense Department’s responsibilities in the 
field of basic and applied research and development which pertain to weapon 
systems and military requirements as the Secretary of Defense may deter- 
mine. * * * The Secretary of Defense shall assign any weapons systems developed 
to such military department or departments for production and operational 
control as he may determine.” 

The National Aeronautics and Space Act of 1958 provides, in part, “that activi- 
ties [aeronautics and space] peculiar to or primarily associated with the de- 
velopment of weapons systems, military operations, or the defense of the United 
States (including the research and development necessary to make effective 
provision for the defense of the United States) shall be the responsibility of, and 
shall be directed by, the Department of Defense. * * *” 


ARPA OPERATIONS 


ARPA was established as a line agency within the Department of Defense. 
Within program areas assigned by the Secretary, ARPA plans, initiates, and 
directs specific projects. It performs its responsibilities by directing and fund- 
ing the work. ARPA has no laboratory operations of its own. It is a small 
management organization, assisted in the technical aspects of its work by the 
Institute for Defense Analyses, which, under contract, recommends technical 
programs and is available for consultation on technical matters. 


CLASSIFIED INFORMATFON 


Additional details of a classified nature pertaining to the ARPA programs 
described in this justification will be provided in supplementary material. 


Military sciences 
Solid propellant chemistry : 
ERG AA LL ERE OIA De SLR TT let EO Sch Bot yt $13, 700, 000 
SE Rare cae tl 5A ea CR Oe OI $18, 000, 000 


Solid propellants now available are not high enough in performance to allow 
optimum design of ballistic missiles, ballistic-missile defense systems, and other 
guided missile and space systems. The overall objective of this program is the 
discovery of new chemicals, and development of practical methods of synthesis 
and the knowledge required to utilize these materials in highly efficient solid 
propellants. A major aspect of this abjective is also the supporting research 
necessary to make effective use of these high-energy materials and propellants 
when they become available. The initial objective is to make available for de- 
velopmental applications solid propellants and the techniques for using them 
having specific impulses at least 10 to 20 percent higher than other propellants 
now under development. 

The availability of such advanced propellants would greatly increase the capa- 
bilities of ballistic-type weapons so that significant increases in range and pay- 
load or corresponding reductions in weight and volume of the system can be 
achieved. The availability of such improved performance propellent propulsion 
systems are of critical importance to the ballistic-missile and ballistic-missile- 
defense programs. The availability of such improved propellant systems would 
also be of major significance to all the guided-missile programs of the Department 
of Defense. The possibility of use of such systems in the space program, par- 
ticularly initial boost phases for launching statellites and space vehicles, is also 
attractive. 

Missiles and related equipment 





Fiscal year Fiscal year 
1959 | 1960 





Ballistic-missile defense: 
De OG aii SBT onde cdi cen Sah dundothesuute $25, 000,000 | $44, 650, 000 
2. Missile and satellite identification and kill.............-.---..------.- 10, 000, 000 | 17, 600, 000 
3. Missile acquisition, tracking, and data reduction _...........---.--.-- 23, 000, 000 | 35, 250, 000 
4. Feasibility investigations and exploratory research__...............--. 22, 000, 000 | 30, 600, 000 


Nee coca heats ech atte ae cd ad aiameeeniaiticeee noel | 80, 000,000 | 128, 100, 000 
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The threat posed by an enemy ballistic-missile complex which is fully opera- 
tional is of such a nature that conventional concepts of active defense are 
inadequate to cope with it. Such concepts reach a practicable limit of technical 
sophistication in the developing Nike-Zeus system of active terminal defense. 
Before a fully adequate and effective defense can be designed, however, con- 
siderably more is needed. The advanced defense must be highly effective in 
dealing with attempted attacks by ICBM’s and IRBM’s in all their possible 
variety and in a technologically developing environment. It must be technically, 
operationally, and economically feasible and should be achieved with all possible 
deliberate speed. 

The ARPA research program is calculated to fullfill these needs as rapidly, 
completely, and economically as possible. It has three major facets: 

First, advanced defense complexes which meet operational and technical 
feasibility standards and which employ well-known principles can be predicted 
at this time only in outline. The detailed knowledge requisite to high-confidence 
design is still lacking. The ARPA program is carefully constructed to obtain 
the necessary detailed understanding from research on a number of fundamental 
questions concerning the nature of the threat, means for detection, acquisition, 
and tracking of missiles, and methods of identification and kill. Considerable 
emphasis is given to obtaining improvements in the state of several essential 
arts. 

Second, the costs of defense, which bear generally a close relationship to the 
total effectiveness desired, may be exceedingly high. Because of this important 
economic factor, the advanced defense complex finally selected for development 
must represent a reasonable optimum among all possible choices. The ARPA 
program includes conceptual and feasibility investigations which will throw 
light on the nature of such an optimum complex and demonstrate its advantages. 

Finally, it is just possible that unpredictable advances of more-than-usual 
value or stature may greatly simplify the task of defense. The ARPA pro- 
gram of exploratory research and techniques development is designed to en- 
courage this possibility to a practical maximum. 

Nature of threat.—The threat as visualized by ARPA includes all the methods 
by which ballistic missiles and satellites may be employed to attack the con- 
tinental United States and adjacent territories. The time period considered in 
present planning begins essentially now. Some features of the threat are clearly 
earlier than others, but all should be available within the next 10 years. Beyond 
this period, the threat can be expected to become even more varied and severe 
as a natural consequence of technological progress. 

Ballistic missiles are defined as those missiles whose payloads over the greater 
portion of their flight path are traveling on a ballistic trajectory, the nature of 
which is determined by the laws of dynamics. Most generally, such trajectories 
are Keplerian or elliptical orbits which intersect the earth at two points. Of 
concern are short- and intermediate-range ballistic missiles which can be launched 
from surface or submarine vessels or aircraft, and ballistic missiles of inter- 
continental range. Other missile threats are possible, but may reasonably be 
expected to exhibit a greater vulnerability to an advanced defense complex than 
ballistic missiles themselves. 

A ballistic missile is placed on an appropriate trajectory by the guided thrust 
of high-power rocket engines which develop the velocity needed by the payload 
to attain a desired range. For moderate to intercontinental ranges, the velocity 
is very great, being about 15,000 feet per second for 1,500 miles range and about 
23,000 feet per second for 6,000 miles range. Missile attacks may exhibit a wide 
range of elevation angles and velocities with somewhat greater probability 
attached to trajectories which optimize payload delivery. 

Considering its great energy, the ballistic-missile payload must be very tough 
to get back through the atmosphere. Reentry bodies of a size to deliver H-bombs 
of various yields can be delivered. 

The elementary features of the threat (i.e., the nature of. the reentry body 
itself) as it appears to a defense system are three: 

High average velocity, short reaction time: 
Compact and smooth, difficult to detect; 
Extremely tough, difficult to destroy. 

Conventional defense systems, i.e., those employing radar and intercepting 
missiles can be built to give a high probability of kill if the attack consists of a 
small number of identified warhead-containing reentry bodies within their zone of 
action, Nike-Zeus will have a capability to deal with such simple threats even 
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though attacks are complicated by fragments of the rocket-propulsion system 
which necessarily accompany the reentry body. 

On the other hand, ballistic missiles deliver payload or tonnage which is at the 
offense designer’s option to divide in a variety of ways. If the defense system is 
expected to be highly effective against a simple form of attack, the offense will 
trade yield for countermeasures such as decoys and jammers to take advantage 
of the natural weaknesses of defense systems and reduce the system effectiveness. 
The offense purpose, of course, is to maximize the yield (or desired effect) on 
target either by saturating, confusing, or avoiding the defense system. Some 
feasible and suitable divisions of payload are given below: 


WARHEAD-CONTAINING REENTRY BODIES 


Simple or staged: The body may enter smoothly or be provided with separable 
drag skirts and so exhibit a very erratic atmospheric flight path. 

Unshielded or shielded: Some of the yield may be traded for radiation shielding 
to reduce vulnerability. 

Normal or artificial cross-section: The body may be coated with radar-absorb- 
ent material to reduce all radar ranges outside of the atmosphere. 

Single or multiple: The payload may be divided into a number of small 
warhead-bearing, reentry bodies. 

Decoys.—Radar is a surface- or length-measuring device. Decoys are designed 
to simulate possible reentry bodies under various conditions. In addition to 
especially designed decoys, the natural tankage, etc., associated with rocket 
propulsion systems provides a large number of radar decoys. 

Free-space replicas: Very light weight objects which simulate the reentry body. 

Reentry decoys: Objects of considerably greater weight which behave during 
reentry like warhead-containing bodies. 

Combined: It may be possible by advanced techniques to make low-weight 
objects which simulate reentry bodies both in and beyond the atmosphere. 

Chaff: Simple chaff may be used. 

Jammers.—Radar is sensitive and is therefore vulnerable to jamming by small 
active barrage or spot jammers and repeaters, particularly at great ranges. 

All such payload divisions, in response to an effective defense system, result 
in lower total yields delivered above a target but are calculated to result in higher 
total damage on the target. It should be noted also that multiple missile attacks 
against given targets will probably be the rule, opening up the possible use of 
missiles which deliver countermeasures alone. 

In the light of the above discussion, it is evident that the defense system may be 
forced to deal with objects whose behavior is exceedingly complex and erratic, 
which may appear in great numbers, and which may embody large quantities of 
warheads. Finally, if indirect effects against populations, such as massive fallout 
or high-altitude thermal radiation, are employed, the threatening objects will not 
necessarily ever be within reach of defense systems of purely local capability. 

It is the consensus of technical judgment that the attack variations noted, 
as well as others not discussed, are possible in reasonable future time periods 
and that therefore the advanced defense complex must comprise elements with 
an overall capability against the spectrum of the threat. 

Major technical concepts.—In view of the potential variety of the threat, a 
prime objective of defense design is to make the ballistic missile attack in 
strategic war as expensive and uncertain as possible for the least cost to defense. 

A few major concepts have evolved and are under study. 

Discrimination techniques try to reject objects which are not warhead- 
containing reentry bodies or which cannot apparently impact within forbidden 
areas. 

Identification techniques try to positively identify warheads, either by their 
necessary content, by locating them within a known volume smaller than the 
confused volume, or by other means. 

Combined passive and active defenses: Although passive defense is not the 
business of ARPA, it is clearly simpler to defend small, hard or dispersed targets 
than big, soft targets. A greater number of methods are appropriate and the 
cost for a given effectiveness is much less. An example is to be found in the 
defense of hardened ICBM missile sites by very low altitude terminal defense 
systems. This concept is quite well understood but additional worthwhile 
methods of defense need examination and should be studied. 

Very early warning.—Only in the area of very early warning against ballistic- 
missile attack by an enemy do missile defense activities contribute directly to the 
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strength of our retaliatory capability and to the ability of our people to survive 
by seeking shelter. Benefits of this sort exist independently of the effectiveness 
of the active missile defense to which very early warning also contributes. 

There are other concepts, less well-defined, which also need further work and 
are considered in the ARPA programs. 

The consensus of technical judgment is that the threat is potentially so varied 
that the advanced defense complex most probably must exploit several major 
concepts in its structure. It must also embody a considerable firepower capa- 
bility to deal with real threatening objects in large numbers. 


1. Missile flight phenomena: 
RM TOE Besos a os Ss weeemdemanmanne see eae $25, 000, 000 
DP mORE FOS TO ko oo Ss Se etc ees 44, 650, 000 


It is the purpose of the antiballistic missile effort to prevent damage to the 
intended target of a ballistic missile. It is firm assumption that action to destroy 
ballistic missiles will be taken initially only after such missiles are seen to be in 
a threatening trajectory. The defensive system, therefore, must be capable of 
suitable reaction solely on the basis of information gathered during the actual 
flight of a ballistic missile. It is therefore a requirement that complete experi- 
mental information on our own developmental missiles be gathered on those 
characteristics of ballistic missile flight which will enhance or limit the capa- 
bility of a defensive system to identify, track, and kill the ballistic missile. 

Ground-based measurements are emphasized in this program since they can be 
most completely and inexpensively performed. Shipboard measurements are 
required, in view of the limited land masses available on or near the projected 
ground path of the missile. Airborne measurements are needed in order to 
observe infrared and optical phenomena with minimum confusing effects from 
the earth’s atmosphere at lower levels. Special range facilities will be required 
in some cases in order to overcome some of the limitations of developmental 
ballistic missile programs from affecting in all respects the observations and 
tests of antiballistic efforts. Supplementary theoretical and laboratory support 
will be provided to improve the interpretation of the results of the range 
measurement programs. 


2. Missile and satellite identification and kill: 
EE) SOE PINION ees ca teiie etecacmcean winnaar tate $10, 000, 000 
Ty ACO oc caches wis gmal bo eeemeroed ein ois eae ad ae 17, 600, 000 


This category provides for a variety of research studies which will generate 
essential data for use in developing advance discrimination and defense systems 
against inimical ballistic missiles and satellites. 

Ballistic missiles and satellites have characteristics which make them difficult 
to intercept and destroy because they operate outside the atmosphere. The 
prime difficulty is that any objects which are ejected from a missile (or a 
satellite) with a small ejection velocity will travel right along with it because of 
the absence of atmospheric drag. It is thus possible to generate large clouds 
of objects surrounding, or displaced from, such missiles or satellites, but having 
the same general trajectory or orbit characteristics as the dangerous object to 
be intercepted. The problem of identification of the true warhead (or satellite) 
then becomes of great importance to the defense. No single method has yet 
been suggested which will permit positive identification under all circumstances. 
It thus becomes necessary to depend on combinations of methods and on 
elaborate correlation and computation schemes in order to have any hope of 
performing a sorting operation with confidence. 

Once the object to be destroyed has been identified, its destruction may still 
constitute a serious problem. Because it has to reenter the atmosphere and 
because it needs no wings nor similar weak structure, the warhead reentry 
body of a ballistic missile is generally tough and can be destroyed only by 
extreme measures. It is true that satellites are not likely to be quite so tough 
unless they are designated for reentry. On the other hand, the interception of 
satellites presents other difficulties such as their greater height. 


3. Missile acquisition, tracking, and data reduction : 


Wine Jeer. Tepes Ae a a a ot ae $23, 000, 000 
RR OOP T8006. 2330 ed te Le ok daa aoa et 35, 250, 000 


A very large part of the business of active defense against attacking ballistic 
missiles or satellites is tke task of acquisition and tracking of these difficult 
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targets through equipment able to provide fast and accurate information on 
their locations, characteristics and trajectories. Radar remains the strong tool 
for acquisition and tracking and must be advanced to the utmost. Radar de- 
velopment objectives, which dominate this program, are to attain extremely high 
power, resolution, precision and data rate, in order to meet more nearly the 
heavy requirements of active defense against missiles. 

Another major area of study in this category is that of fast, automatic reduc- 
tion of masses of incoming data, to permit unerring assignment and control of 
weapons for active defense, together with the related tasks of maintaining and 
eontrolling communication of data throughout a farflung defense system, and 
of displaying reduced data to human monitors and receiving from them control 
based on their judgment. 


4. Feasibility investigations and exploratory research: 
I a ieee einen nie ombipenie aia _... $22, 000, 000 
PINION ANE SI ee ey _... 80, 600, 000 


To fulfill its mission of conducting that advanced research necessary to guar- 
antee U.S. military superiority, ARPA must examine and test the feasibility of 
concepts, equipment, and proposals (many of them unconventional) which may 
come forth unattached to any developmental systems designs. ARPA must 
generate new ideas and novel techniques which appear to hold promise of 
significantly improving and magnifying American defense and offensive capabili- 
ties with regard to ballistic missile attacks. 

Essentially these investigations and research projects will be looking for major 
breakthroughs rather than simply refining existing techniques and equipment. 
They will constitute “advanced research” in the most liberal meaning of the 
term. All aspects of missile defense will be reviewed including the vehicles, 
detection equipment, data transmission and handling techniques, the physical 
properties of materials, guidance and control equipment, and the mean for 
exercising positive military command over weapons systems of the future: 
Identification of inimical military space vehicles and the development of uncon- 
ventional kill mechanisms will naturally be an important objective in this type 
of investigation. 

Astronautics and related equipment 


_— - — —~ — —_______— $$$ ___ ——_—______ — ~ 











| Fiseal year | Fiscal year 
1959 1960 
Military space technology: 
x, ae ‘ oP et ‘ _....-.-| $95,000,000 | $100, 000, 000 
2. Communications. -................ ral ae _....| 15,000, 000 40, 000, 000 
3. Precision navigation_-_--_-~_- : ae (toa 4, 500, 000 12, 000, 000 
4. Very early warning -_------- cath betel 12, 000, 000 | 18, 000, 000 
5. Cloud cover surveillance... 4 Banhart Oeik a . 10, 000, 000 |... 
6. Manned satellite._.............-- tae ; : 8, 000, 000 | : , 
7. Discoverer -_--- “te At ARIES a Me Rie = A Pal Ags aA 100, 000, 000 | 60, 000, 000 
8. High-energy upper stage-_---- LPumedss ivedéante tick «stadia 15, 000, 000 |. : 
9. Clustered engine booster....................- eee) eee eee 19, 000, 000 | 50, 000, 000 
Sek Se ne TOO GOTO nn tee nero cadchonsaepeenenn a. 17, 000, 000 | 17, 000, 000 
11. Feas bi ity investigations and exploratory research -_--_--- eee | 13,441,337 10, 000, 000 
12. Scier tifi: space investigations __-- iw ebkivtdiiiibchicwecten +O 
! 
| hc A a MME RE Big 








The U.S.S.R. has surpassed the United States in technological accomplish- 
ments in outer space. The U.S.S.R., if it long maintains its present superiority 
in the exploitation of outer space, will be able to use that superiority as a 
means of undermining the prestige and leadership of the United States and of 
threatening U.S. security. 

It is the responsibility of the DOD to undertake all reasonable steps to check- 
mate any threat to U.S. security. 

The programs here presented have all been initiated in fiscal year 1959, and 
are aimed at those uses of space for military purposes that have advantages 
over other solutions to the problems. It is necessary in the planning of a mili- 
tary program in space to fully realize that space is a region (or, a place) rather 
than a thing. This means that space must be considered as complementary and 
analogous to the atmosphere, the ocean, or to the surface of the earth. We can 
further conclude that many of the things we can do on the surface of the earth, 
for example, or in the ocean, we can do in space. Some things can be done in 
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space that cannot be done elsewhere. Thus, it is immediately apparent that only 
those things which can best be done in space should be in a space program. Or, 
alternately, that the degree to which they are done in space must be rational in 
respect to the degree of advantage achieved. 

In military reconnaissance, broadly speaking, the several alternatives are 
observation directly at ground level, observation by aircraft or, finally, observa- 
tion by space vehicles. It is immediately obvious that each location has certain 
advantages and certain penalties. Ground level reconnaissance will provide 
exceedingly detailed and exacting information but it is frequently impossible 
of access and is always laborious to perform. Aircraft relieves the difficulty of 
access but introduces errors and hazards. Satellites still further ease access 
but also make more serious certain problems. By careful consideration of prob- 
lems and results we may conclude that military reconnaissance by satellite does 
offer a new degree of freedom of access but exacts the penalty of extreme pre- 
cision and great sophistication of equipment. The reward consists of a priceless 
flow of visual and electronic information relating to the surface activities of any 
region of interest. 

In communication a trade-off exists between earthbound systems and satellite 
systems. Again priceless results are available from a satellite system but only 
at the penalty of exacting and difficult performance. For example, the satellite 
communication system of ultimate interest involves the use of a satellite of sev- 
eral thousands of pounds weight in an orbit at 2,200 miles. This requires booster 
vehicle performance well beyond our current capability. We must therefore 
engage in the development of carrier vehicles capable of an order of magnitude 
(or more) greater payload capacity. The rewards—all weather communications, 
doubling of the present global message capacity, and jam-free command links— 
are very compelling and fully justify the effort. 

Navigational aids to ships at sea, missile-carrying submarines and aircraft can 
readily be provided by orbital equipment. 

Ground-based early-warning radars givé considerably less than the maximum 
warning of ICBM attack. Warning techniques which detect ballistic missiles 
during launching are necessary to obtain maximum warning for alerting retal- 
iatory forces, active defense, and the civil defense. The tremendous flame of a 
large missile booster or sustainer rocket is found to permit very sure detection 
of missile launching at very long distances, with the aid of infrared sensing 
devices located at high altitudes. Satellite-borne infrared early warning systems 
are very promising and should be developed quickly; it is possible that develop- 
ment of an interim airborne system will also prove advisable. 

Weather data and predictions on a global basis for military operations can be 
greatly improved with satellite systems. 

To reach the desired effectiveness in any of the military space technology pro- 
grams, there must be a vehicle development program that will result in steady 
growth of payload capability. It is this requirement for ever larger engines that 
underlies the theme of the military usefulness of space as a place. A significant 
part of this program is, therefore, devoted to improved engines and vehicles which 
will permit larger payloads, and/or higher orbits in the future. 





1. Sentry: 
eCal Seer ‘JOtee sk. wk ne ee ce Sea $95, 000, 000 
CRE FON POGUE 2 Sarin ware wll le riba Se ici ei gcd naceah eae Aree ea 100, 000, 000 


The Sentry reconnaissance system provided by this development program is 
designed to fulfill requirements vital to the defense of the United States. In 
order to provide timely military information vital to defense planning, an orbit- 
ing satellite reconnaissance system could be employed to provide at a reasonably 
early date surveillance of the complex of a potential enemy. 

The Sentry reconnaissance system is composed of the satellite vehicle, the 
booster, launch facilities, tracking facilities, and a complex communication and 
data processing network with related facilities. 

The satellite-borne advanced reconnaissance development program is divided 
into two parts: 

ENGINEERING PROTOTYPE TESTS 
Subsystems development 

The major activity of this program is concerned with the design, fabrication, 
and laboratory evaluation of experimental and prototype models of observation 
subsystems. Such work includes extensive environmental testing of the proto- 
type and determining compatibility with the ground-based systems. Extensive 
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testing will have to be performed to obtain the reliability required for long life 
unattended operation. 


2. Communications: 
Pe ID... cckencnaiiannnostinendoimnnemnnnaews $15, 000, 000 
PIC FORD TOO ans bss iss ctieniaiteidcmiaitinindeannnacmatgearnt 40, 000, 000 


This project has the objective of developing new communieations systems 
required by the military services. Communication planning studies conducted 
by the armed services indicate that the continually rising demand for interconti- 
nental electric communications to support our Armed Forces is likely to saturate 
the capability of conventional systems within the decade. Communications with 
aircraft for navigational purposes, operational information, and even military 
strike commands will be greatly improved if a system of communication can be 
devised which is independent of weather, global location, and enemy jamming 
action. There is a similar urgent need for communication with fleet ballistic- 
missile submarines. 

New modes of global communication will be intensively examined. The use of 
space satellites as repeater devices appears to be most promising and must be 
further explored immediately. 

Communication methods with satellites may be resolved into real-time repeater 
communication and delayed-repeater communication. Both methods involve 
many parameters including height of orbit (up to and including the stationary 
satellite orbit), cryptographic devices as necessary for security, auxiliary power 
supplies, stability of orientation, and reliability. A satellite communications 
system using the stationary satellite orbit and having suitable numbers of units 
with proper frequencies and radiated power could provide for increased com- 
munication capability amounting to a major fraction of the present total global 
communications capability. Thus, the economic and security value of these 
systems are of greatest importance. 

Design of the electronics equipment will require intensive development and life 
testing to provide the maximum in broadband capacity and at the same time to 
meet the need for absolute reliability in the space environment for periods of time 
measured in years. Other significant requirements which crowd the present state 
of the art are light weight, low power consumption, and antijamming capability. 


8. Precision navigation : 
yD IE i Sing tk citn bane betaine nies Selaciaglow dasteteoctin deans $4, 500, 000 
IGOR) FORE BOAR nid sirene cet artisniidenactananeusciainsacecnin 12, 000, 000 


Many critical military operations—launching of ballistic missiles from sub- 
marines, the initiation of changes in missile infight trajectories, for example, de- 
mand exact knowledge of location or position. Satellites, by virtue of the sta- 
bility and predictability of their orbits, have a potential as global all-weather aids 
to navigation. By incorporation of a radio transmitter, they can emit a signal by 
which observing stations (ships, submarines, or aircraft) can determine their 
position using Doppler techniques. Use of this satellite-emitted signal has the 
advantage of enabling units to learn their exact position. This program will 
explore the feasibility of the navigational concept. 

The initial investigation of precision navigation aids has been started in fiscal 
year 1959 by initiation of a study of Doppler navigational systems. A relatively 
simple transponder with coded output will be used in this phase. 


4. Very early warning: 


A ORT BOs sk ali Lid ecb de $12, 000, 000 
ates) oar W900 si ka dh ee 18, 000, 000 


Work in this area provides for investigations and studies of means for giving 
very early warning by observation and interpretation of scientific phenomena 
directly associated with the launching and early flight of attacking missiles as 
distinguished from other types of information. It includes major system develop- 
ment of satellite infrared early warning, including flight testing. Studies are 
included to determine the relative suitability of airborne and satellite platforms 
for various tasks. Work is programed in advanced IR devices and other passive 
equipment. 

Major studies and research in several supporting areas of basic science are 
essential to a sound program of major advances in the arts of very early warning. 

Because field observation of missiles in flight already indicates great promise, 
maximum emphasis is placed on the task of applying infrared observations from 
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elevated vehicles to the problem. Since this task area is one in which costs of 
vehicles and their operation predominate, unbiased studies of the relative suit- 
ability of various air and satellite craft as observing vehicles, especially during 
the development phase, constitute a very important task. 

Advance of the art of very early warning will require development of a certain 
quota of special advanced components. This must be prefaced by studies directed 
toward defining requirements to be met by new components, such as the proper- 
ties of new materials that are needed, and for which in turn new methods of 
synthesis must be developed. 


5. Cloud-cover surveillance: 
Fietal. yeae: 1000. 6 2. dais hin dds s inennseine $10, 000, 000 
SOON UN I isan chica cana eli Sia a ean aon clean natin 0 


Accurate weather forecasting is useful for such military operations as (@) air 
strikes, (0) amphibious landings, (c) troop and material movements, and (d) 
prediction of radioactive fallout patterns. Satellites hold one promise of rapidly 
collecting weather data on a global basis. The data collected by satellites should 
result in increased reliability and accuracy of weather forecasting, particularly in 
times when local ground observations are not available. This program will ex- 
plore the application of satellites to this goal. 

Because of the general scientific implications of this program, NASA will 
assume its direction in fiscal year 1960, and funds for its continuation are in the 
NASA budget. 


6. Manned satellite (cooperative program with NASA): 
RR SONI R Gide nennkeigdaon antennae $8, 000, 000 
OE SI i ik aii chested ke edct Socrates 0 


Progress in rocketry has reached the point that a capability is fast approaching 
to place a man in orbit around the earth. Because human participation in space 
flight will have immense scientific and military implications, NASA and ARPA 
have joined in a cooperative program. 

In 1960, funds for this program are being requested by NASA. 


7. Discoverer: 
OE TORN Bs oscil dink ec a thcicpicenmnigpeonrnare he Add, $100, 000, 000 
I I 60, 000, 000 


This program as now planned is composed of the following: 

(a) Engineering prototype tests.—Specific objectives of the flight tests are the 
performance evaluation of major components and subsystems as they become 
available. They progress from flight-dyanmics investigation through separa- 
tion tests, vehicle propulsion, guidance and stabilization during coast and tran- 
sition to orbit, tracking, telemeter, and data link development, and to the pre- 
liminary testing of payload components. The purpose of this program is to 
develop a prototype vehicle suitable for demonstrating early orbital capability. 
Initial phases of the program use Thor boosters. 

yround tests will be conducted with system components and subsystems, the 
vehicle structure, and vehicle separation methods. Dynamic testing will be 
performed at contractor facilities, in wind tunnel tests and on rocket sleds. 
Experimental and developmental tests will be made to achieve satisfactory sub- 
system environmental control, heat rejection, radiation shielding and reliability 
estimates by simulating atmospheric, temperature, and radiation environment 
expected on orbit. Contractor facilities will be used for functional and opera- 
tional tests of these subsystems prior to flight test. 

The orbital test program is designed to yield actual environmental informa- 
tion as well as system performance characteristics, and will further serve to 
check out tracking and acquisition capabilities. 

(b) Biomedical recovery capsule—The biomedical recovery capsule program 
has three primary objectives. These are: 

(1) To recover living specimens from orbital flight ; 

(2) To study the psychophysiologic response of specimens to conditions 
of launch, orbit, and recovery ; ; 

(3) To build experience and confidence in recovery techniques. These 
objectives will be achieved by launching biomedical recovery capsules into 
orbit on Discoverer flights. The capsules will be separated from the parent 
vehicle on later orbital passes and recovery attempted. 


39621—59—pt. 2-—-2 
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8. High-energy upper stage: 
Sener mn is csi cinksch bal ade wheat bet $15, 000, 000 


Peeen see meee ed ee Redon ik thn sucht this tgteagteles 0 


As a part of its program for the development of vehicles for military space 
missions, ARPA initiated work on a new high-energy upper stage to provide 
maximum payload capability when used as a second stage to an ICBM vehicle, 
such as the Atlas, or as a third stage when the high-thrust booster is also used. 
Because of the great importance of high performance in upper stages, the high- 
energy propellant combination of hydrogen-oxygen was chosen. 

In fiscal year 1960, responsibility for this project passes to NASA and funds 
for its continuation are included in the NASA budget. 


9. Clustered-engine booster : 
Peete Se We oe oe nsec sae, MN 


Fiscal year 1960_........... 180G.2)) ee ties See 


The development of a high-thrust booster is approached in the direction of 
utilizing by parallel clustering engines and tankage from the ballistic-missile 
program. The use of these proven high-production components insures mini- 
mum development costs and time, while maintaining a very high degree of 
reliability. Eight engines similar to those used on Jupiter, Thor, and Atlas will 
be assembled on one supporting frame. Each engine operates independently and 
the arrangement is such that a single engine failure will not necessarily result in 
mission failure. 

The clustered engine is expected to be operational several years before the 
single-chambered engine. The clustered booster combined with an ICBM and 
a high-energy upper stage will be capable of placing 30,000 pounds in a 300-mile 
orbit, impacting 7,000 pounds on the moon or placing 4,000 pounds in a 24-hour 
orbit. The clustered engine, utilizing the NASA-developed 1.5-million-pound en- 
gine as a central element of the cluster would have a combined thrust of 2.3 mil- 
lion pounds. 

10. Tracking and data acquisition : 
Bree a a a la a ee he $17, 000, 000 
Fiscal year 1960_........... sacha gs inweciieamin Rage eee 


Space exploration cannot be undertaken successfully without an adequate 
ground-tracking and data-acquisition network. It is realized that such a 
system could become very expensive and therefore careful coordination of the 
requirements of all potential users of such a network has been required. Dur- 
ing the past year, ARPA, with the assistance of the Jet Propulsion Laboratory, 
studied needs for worldwide space-surveillance systems. This study took into 
consideration the needs of users other than the Department of Defense, with a 
view to providing mutual service and minimizing duplication. A similar study 
has been underway within NASA for the past several months. Recently, the 
two agencies and JPL have joined together as a joint committee. The results 
of this committee’s work has culminated in an agreement between NASA and 
the DOD. 

In essence, the agreement provides for the provision of four additional track- 
ing and data-acquisition stations for deep-space probe and broadband data 
readout to be located at separate overseas locations. Two of these stations 
will be operated by NASA at the outset and two by Defense. Exchange of 
common data is provided in the agreement. The agreement also provides 
facilities for man-in-space and minitrack stations which NASA will operate but 
which will furnish data to Defense. 

The need is recognized for two closely cooperating data reception and analysis 
centers; one operated by NASA as a continuation and expansion of the Van- 
guard center and one operated by the Department of Defense under Spacetrack 
management at the Cambridge Research Center. These two centers will ex- 
change data freely and provide mutual support for the national program. 

In addition, the so-called satellite-detection “fence,” authorized in May 1958, 
is being continued by DOD/ARPA. Construction is essentially complete on 
this system. Experience to date indicates that additional work must be ac- 
complished on this system in order to obtain maximum benefit from the stations 
now available. 
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11. Feasibility investigations and exploratory research : 


Weal YOR 100s... see si nh ee eae $13, 441, 337 
WISCG FORP NOG. oa csi hen ewan d enced ene 10, 000, 000 


To fulfill its mission of conducting advanced research necessary to military 
space technology, ARPA must examine and test the feasibility of concepts, equip- 
ment, and proposals. ARPA must generate new ideas and novel techniques which 
hold promise of significantly improving military space applications. Essentially, 
these investigations in research projects will be looking for major breakthroughs 
rather than simply refining existing techniques and equipment. Specific areas of 
investigation include auxiliary power supplies, components, and materials devel- 
opment, and advanced control methods. 

12. Scientific space investigations : 
De I I I ao it ene ce eke enna naie mena saceen $22, 784, 663 
Pisehh Peer 1900 2 nak os cee ek eee eS 0 


During fiscal year 1958, ARPA initiated several scientific space projects such 
as the lunar-probe program. These projects were transferred to NASA effective 
October 1, 1958. These obligations are in addition to the $59,200,000 transferred 
to the NASA appropriation. 


Programiwide management and support 


Executive and technical direction: 
Disk VORP TO eens Bek i ak. Uae eee $1, 900, 000 
Winceh. year TOG iis ee Ue al wi eden dt hie 1, 900, 000 


The Advanced Research Projects Agency is responsible to the Secretary of 
Defense for the planning, development, administrative, and management of the 
various programs assigned. In the execution of its programs, extensive use is 
made of existing facilities and services of the military departments, other Gov- 
ernment agencies, universities, and industry. Under this concept of operations, 
ARPA does not duplicate or add to that which already has been established 
and available in the way of facilities and personnel to carry out its program. 
Accordingly, APRA can execute its overall technical and administrative program 
planning and management responsibilities with a relatively small staff. Through 
a contract with the Institute for Defense Analyses, ARPA is provided highly 
specialized scientific and technical program proposals aand evaluations which are 
vital to the successful development, appraisal, and technical management of 
specific areas of advanced research, as assigned. 

The funds requested provide for the salaries and other necessary expenses 
such as travel, communications, equipment, supplies, and professional services 
required in the planning, direction, and management of the program of advanced 
research. 


[S. 1582, 86th Cong., Ist sess.] 


A BILL To authorize appropriations to the National Aeronautics and Space Administration 
for salaries and expenses, research and development, construction and equipment, and 
for other purposes 


Be it enacted by the Senate and House of Representatives of the United 
States of America in Congress assembled, That (a) there is hereby authorized 
to be appropriated to the National Aeronautics and Space Administration for 
the fiscal year 1960 the sum of $485,300,000, as follows: 

(1) For “Salaries and expenses”, $94,430,000. 

(2) For “Research and development’’, $333,070,000. 

(3) For acquisition or condemnation of real property, for plant and facility 
acquisition, construction, or expansion, and for other items of a capital nature, 
$57,800,000, as follows: 

(A) Langley Research Center, Hampton, Virginia: Alterations to thermal 
structures tunnel; analytical computing equipment; conversion of gust tunnel 
to noise research laboratory; conversion of test cells to noise test facility; and 
heater and vacuum system for gas dynamics laboratory, $4,580,000. 

(B) Ames Research Center, Moffett Field, California: Data reduction center 
and mass transfer cooling and aerodynamics facility, $6,555,000. 
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(C) Lewis Research Center, Cleveland, Ohio: Ion and plasma jet facility; 
zero-power reactor; in-pile loop; and approximately twenty-five acres of land, 
$6,860,000. 

(D) High-speed flight station, Edwards, California: Building additions; 
analog computing equipment; and terminal guidance facility, $2,805,000. 

(E) Beltsville Space Center, Beltsville, Maryland: Central flight control and 
range operations building; space sciences laboratory; instrument construction 
and installation laboratory; and utility installations, $14,000,000. 

(F) Pacific Missile Range, Point Arguello, California: Launching facilities, 
including flight vehicle assembly and check-out facility with equipment for 
special experiments, $3,000,000. 

(G) Various locations: Global range tracking and communication facilities 
and equipment; facilities for Rover program; and propulsion development facil- 
ities, $20,000,000. 

(b) Authorization is hereby granted whereby any of the amounts prescribed 
in subparagraphs (A), (B), (C), (DD), (E), (F), or (G) of subsection (a) (3) 
may, in the discretion of the Administrator of the National Aeronautics and 
Space Administration, be varied upward 5 per centum to meet unusual cost varia- 
tions, but the total cost of all work authorized under such subparagraphs shall 
not exceed a total of $57,800,000. 

Sec. 2. Any amount, not to exceed $500,000, of the funds appropriated pur- 
suant to authorization of subsection (a) (3) of the first section for the construc- 
tion of facilities described under such subsection may, with the approval of the 
Bureau of the Budget, be used for the construction of new research facilities 
or for the modification of existing research facilities not specifically authorized 
in this Act, if such construction or modification is deemed by the Administrator 
of the National Aeronautics and Space Administration to be of greater urgency 
than the construction of any facility authorized by this Act: Provided, That 
upon reaching a final decision to implement, the Administrator or his designee — 
shall notify the Committee on Science and Astronautics of the House of Repre- 
sentatives and the Committee on Aeronautical and Space Sciences of the Senate 
of the cost of such construction of new research facilities or the modification 
of existing research facilities: Provided further, That no such funds shall be 
used for the construction or modification of any facility if funds for such con- 
struction or modification have been previously denied by the Congress. 


Senator Srennis. Our witness this morning will be Dr. T. Keith 
Glennan, Administrator of the National Aeronautics and Space 
Administration, Dr. Glennan, I would like you to examine the fiscal 
year 1960 budget justification for the Advanced Research Projects 
Agency carefully and advise this Committee whether these programs 
or estimates involve any duplication with those for which the National 
Aeronautics and Space Administration is requesting funds in its 1960 
budget. Your reply will be inserted in the record at this point. 

(The NASA reply is as follows:) 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION, 
Washington, D.C., May 25, 1959. 
Hon. JOHN STENNIS, 
Chairman, Subcommittee on NASA Authorization, Committee on Aeronautical 
and Space Sciences, Senate Office Building, Washington, D.C. 

DeAR Mr. CHAIRMAN: At your request, the National Aeronautics and Space 
Administration has reviewed the fiscal year 1960 budget estimates of the Ad- 
vanced Research Projects Agency submitted to us by your subcommittee. 

The estimates submitted do not reveal any duplication in effort or funding of 
the programs for which the National Aeronautics and Space Administration is 
requesting moneys for its 1960 operation. 

Sincerely yours, 
T. KEITH GLENNAN, Administrator. 


Dr. Glennan, it is always a pleasure for us to have you appear before 
the subcommittee and give us the benefit of your views. If you and the 
members of your staff who may testify would please stand, I will ad- 
minister the oath. 
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Do each and every one of you solemnly swear that your testimony in 
this hearing will be the truth, the whole truth, and nothing but the 
truth, so help you God ? 

Dr. Guennan. I do. 

Dr. Dryven. I do. 

Mr. Sievert. I do. 

Mr. Asport. I do. 

Mr. Wyatt. I do. 

Mr. Bucxstey. I do. 

Mr. Utmer. I do. 

Mr. Nunn. Ido. 

(The biographical sketches of the witnesses follow :) 


T. Keira GLENNAN, ADMINISTRATOR, NATIONAL AERONAUTICS AND SPACE 
ADMINISTRATION 


T. (Thomas) Keith Glennan is the first Administrator of the National Aero- 
nautics and Space Administration, established October 1, 1958, under the National 
Aeronautics and Space Act of 1958. 

As Administrator, Dr. Glennan heads a staff of scientists, engineers, tech- 
nicians, and other employees engaged in research and development in aeronau- 
tics and space matters. In this position he is a member of the President’s Na- 
tional Aeronautics and Space Council. 

Glennan is president-on-leave of the Case Institute of Technology, Cleveland, 
Ohio, which he has headed since 1947. 

Born in Enderlin, N. Dak., in 1905, Dr. Glennan earned a degree in electrical 
engineering from the Sheffield Scientific School of Yale University in 1927. 

Following graduation, Glennan became associated with the newly developed 
sound-motion-picture industry, and later became assistant general service super- 
intendent for Electrical Research Products Co., a subsidiary of Western Electric 
Co. During his career he was studio manager of Paramount Pictures, Inc., and 
Samuel Goldwyn Studios, and was briefly on the staff of Vega Airplane Corp. 

Glennan joined the Columbia University Division of War Research in 1942, 
serving through the war, first as administrator and then as Director of the U.S. 
Navy’s Underwater Sound Laboratories at New London, Conn. For his work he 
was awarded the Medal of Merit. 

At the end of World War II, Dr. Glennan became an executive of Ansco, 
Binghamton, N.Y. From this position he was called to the presidency of Case. 
During his 11-year administration, Case rose from a primarily local institution 
to rank with the top engineering schools in the Nation. From October 1950 to 
November 1952 concurrent with his Case presidency, he served as a member of 
the Atomic Energy Commission. 

Dr. Glennan has been very active in national and civic affairs. He was chair- 
man of the board of the Institute for Defense Analyses, on the board of the 
National Science Foundation, and the Council on Financial Aid to Education. In 
Cleveland he took an important part in many civic activities. 

Glennan is a fellow of the American Academy of Arts and Sciences, and a 
member of Sigma Xi, Tau Beta Phi, and Chi Phi. He has been awarded several 
honorary degrees of doctor of science. 

Dr. and Mrs. Glennan (the former Ruth Haslup Adams) have four children. 
They live at 4740 Connecticut Avenue, NW., Washington, D.C., with their youngest 
daughter. 


Hue L. Drypen, DEPUTY ADMINISTRATOR, NATIONAL AERONAUTICS AND SPACE 
ADMINISTRATION 


Hugh Latimer Dryden is the first Deputy Administrator of the National Aero- 
nautics and Space Administration created by the Congress in the National 
Aeronautics and Space Act of 1958. At the time of his appointment, Dr. Dryden 
was Director of the National Advisory Committee for Aeronautics, the research 
agency which became the nucleus of the NASA. He headed the NACA staff from 
1947 to 1958. 

Dr. Dryden’s duties in large part are concerned with the direction of the NASA 
staff of scientists, engineers, and technicians engaged in aeronautical and space 
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research and development. He serves as the Administrator's alternate on the 
National Aeronautics and Space Council. 

Born in Pocomoke City, Md., in 1898, Dr. Dryden earned a bachelor of arts 
degree in 1916 and a Ph. D. in 1919, both from Johns Hopkins University. 

Dr. Dryden joined the staff of the National Bureau of Standards in 1918 and 
2 years later was promoted to head the Bureau's aerodynamics section. In 1934 
he was appointed Chief of the Mechanics and Sound Division. He was named 
Assistant Director of the Bureau in January 1946, and Associate Director 6 
months later. 

Although Dr. Dryden performed important research at the Bureau on building 
materials and structures, his main field of interest was in aerodynamics, particu- 
larly turbulence and control of the boundary layer. He made some of the 
earliest studies in this country of airfoil characteristics near the speed of sound. 

He resigned from the Bureau of Standards after 29 years of service, to head 
the NACA on September 1, 1947. 

Dr. Dryden’s many honors include the Presidential Certificate of Merit for 
his leadership in the development of the World War II Bat, the first American 
guided missile successfully used in combat. He was given the Medal of Freedom 
for his work in 1945 as Deputy Scientific Director of a group appointed to advise 
the Army Air Force on future research and development. His more recent awards 
include the 1950 Guggenheim Medal, the 1955 Wright Brothers Memorial Trophy, 
the Baltimore City College Hall of Fame (1958), and the 1958 Career Service 
Award of the National Civil Service League. 

The recipient of several honorary degrees, Dr. Dryden has many professional 
affiliations including the National Academy of Sciences, the Institute of the 
Aeronautical Sciences, the American Physical Society, the American Rocket 
Society, and the American Association for the Advancement of Science. He is 
currently a member of several scientific committees advising Government agencies. 

Dr. Dryden is married and has three children. The family home is at 5606 
Overlea Road, Washington, D.C. 





ALBERT F. SreperT, Director OF BUSINESS ADMINISTRATION, 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


Albert F. Siepert has been Director of Business Administration since the 
National Aeronautics and Space Administration was established in October 
1958. During the previous 10 years he was Executive Officer of the National 
Institutes of Health. 

Born in Peoria, IL, in 1915, Siepert received a bachelor of arts degree from 
Bradley University in 1936. 

After graduation, Siepert became one of the first Government “interng’’ 
(trainees) under the auspices of the National Institute of Public Affairs. He 
served his internship with the Farm Credit Administration, and has since held 
administrative posts with the Home Owners’ Loan Corporation, the Alien Prop- 
erty Custodian, and the Bureau of State Services of the U.S. Public Health 
Service. 

Named Executive Officer of the National Institutes of Health in 1948, Siepert 
had a key role in a thoroughgoing reorganization and expansion of the Insti- 
tutes during the initial years of his NIH appointment. He received the Arthur 
Flemming Award in 1950 for his contribution. In 1955 he received the Depart- 
ment of Health, Education, and Welfare’s Distinguished Service Award for his 
administrative leadership. 

Mr. and Mrs. Siepert and their two children live at 7209 Honeywell Lane, 
Bethesda, Md. 





Ira H. Aspott, Deputy DrrecTror OF AERONAUTICAL AND SPACE RESEARCH, 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


Ira H. Abbott has been appointed Deputy Director of Aeronautical and Space 
Research, National Aeronautics and Space Administration. He will continue 
to serve as Assistant Director of Research (Aerodynamics and Flight Mechan- 
ics), a position he has held since the NASA was established on October 1, 1958. 

Abbott joined the National Advisory Committee for Aeronautics, the prede- 
cessor of the NASA, in 1929 as a junior aeronautical engineer at the Langley 
Aeronautical Laboratory, Va. During his 19 years at Langley he served as 
Assistant Chief of the Full-Scale Research Division and later Assistant Chief 
of the Research Department. 
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Transferred to NACA headquarters in Washington, D.C., in 1947 as aero- 
nautical consultant, Abbott was named Assistant Director of Research (Aero- 
dynamics) in 1949. Since the NASA was established, he has supervised basic 
research programs in fluid mechanics; aircraft, missile, and spacecraft aero- 
dynamics ; and control guidance and navigation. 

Born July 18, 1906, at Wolfboro, N.H., Abbott was graduated from Newbury- 
port (Mass.) High School. He received a bachelor of science degree from Massa- 
chusetts Institute of Technology in 1929. 

Abbott is a member of the Civilian-Military Liaison Committee (authorized 
by the National Aeronautics and Space Act of 1958), and a fellow of the Insti- 
tute of the Aeronautical Sciences. From 1957 to 1958 he was Chairman of the 
Wind Tunnel Panel of NATO’s Advisory Group on Aeronautical Research and 
Development. 

Mr. and Mrs. Abbott (the former Martha Leola Streeter) and their three 
children live at 3704 Bradley Lane, Chevy Chase, Md. 


DEMARQUIS D. Wyatt, TECHNICAL ASSISTANT TO THE DIRECTOR OF SPACE FLIGHT 
DEVELOPMENT, NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


D. (DeMarquis) D. (Dale) Wyatt was appointed technical assistant to the 
Director of Space Flight Development when the National Aeronautics and Space 
Administration was established on October 1, 1958. Previously he was a member 
of the headquarters staff of the National Advisory Committee for Aeronautics, 
the predecessor of the NASA. 

Wyatt isa native of St. Joseph, Mo., where he attended local grammar and high 
schools. He earned a bachelor of science in mechanical engineering degree from 
Missouri School of Mines and Metallurgy in 1941. 

From 1941 to 1942 he was a test engineer with General Electric Co., and from 
1942 to 1944 he was an instructor in mechanical engineering at Missouri School 
of Mines and Metallurgy. 

Wyatt joined the NACA as a research engineer at the Lewis Flight Propulsion 
Laboratory, Cleveland, Ohio, in 1944. At Lewis he specialized in supersonic 
propulsion research, and ultimately was made Associate Chief of the Propulsion 
Aerodynamics Division. He was transferred to the NACA headquarters, Wash- 
ington, D.C., in September 1958. 

A member of the Institute of the Aeronautical Sciences, Wyatt is the author 
of numerous technical reports and scientific articles. 

He is married to the former Louise Dunlap. Mr. and Mrs. Wyatt and their 
two children, Katherine, 11, and Keith, 8, live at 8407 Westmont Terrace, 
Bethesda, Md. 


Epmonp C. BucKLEY, ASSISTANT DIRECTOR FOR SPACE FLIGHT OPERATIONS, 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


Edmond C. (Collins) Buckley, former Chief of the Instrument Research Divi- 
sion of the Langley Research Center, has been appointed Assistant Director for 
Space Flight Operations at headquarters, National Aeronautics and Space Ad- 
ministration, Washington, D.C. Buckley joined the National Advisory Commit- 
tee for Aeronautics, predecessor of the NASA, in 1980. 

Reporting to the Director of Space Flight Development, Buckley is responsible 
for planning and directing the use of support systems for space research activi- 
ties, including global tracking stations, data acquisition systems and networks, 
ground communications networks, and launch site facilities. 

Born in Fitchburg, Mass., in 1904, Buckley earned a bachelor of science degree 
in electrical engineering from Rensselaer Polytechnic Institute in 1927. He 
joined the NACA at the Langley Research Center, Langley Field, Va. In 1943 he 
was named Chief of the Instrument Research Division. In this post he was 
responsible for the development and construction of electrical, mechanical, optical, 
and electronic instruments used in wind tunnels, specialized laboratories, and 
in flight vehicles including high-speed research airplanes and rockets. 

Buckley is a member of the Instrument Society of America and is on the 
Steering committee of the interrange instrumentation group. 

Buckley, his wife and their two children have been making their home in 
Hampton, Va. They plan to move to the Washington area in the near future. 
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Racpu E. Utmer, Actrne Director, BupGeT AND Fiscat DIvIsIon, 
NATIONAL AERONAUTIOS AND SPACE ADMINISTRATION 


Ralph E. Ulmer has been budget officer of the National Aeronautics and Space 
Administration and the National Advisory Committee for Aeronautics, the 
predecessor of the NASA, since 1950. 

Born in Toledo, Ohio, in 1917, he earned a bachelor of science degree in 
aeronautical engineering from the University of Michigan in 1938. 

Ulmer joined the NACA as a junior aeronautical engineer at the Langley 
Aeronautical Laboratory, Hampton, Va., after graduation in 1988. He specialized 
in propeller research before becoming an assistant to the Administrative Officer. 

In 1940 Ulmer was transferred to NACA’s Washington headquarters where he 
became assistant to the Executive Officer. In 1950 he was appointed Budget 
Officer. 

Mr. and Mrs. Ulmer and their two children live at 5140 Tilden Street NW., 
Washington, D.C. 


RosBerRtT G. NUNN, JR., ASSISTANT GENERAL COUNSEL, NATIONAL 
AERONAUTICS AND SPACE ADMINISTRATION 

Robert G. Nunn, Jr., joined the National Aeronautics and Space Administration 
as Assistant General Counsel in October 1958. Previously he was in the Office 
of General Counsel, Department of the Air Force. 

Born in Cape Girardeau, Mo., in 1917, Nunn earned a bachelor of arts 
degree from DePauw University in 1939 and a doctor of law (J.D.) degree from 
the University of Chicago in 1942. 

After 4 years as an officer in the U.S. Army, Nunn entered private law 
practice in Washington, D.C., where he remained until 1951. 

In Terre Haute, Ind., from 1951 to 1954, Nunn was a partner in the law firm 
Dix, Dix, Patrick, Ratcliffe & Nunn. He joined the staff of the General Counsel, 
Department of the Air Force, in 1954. 

Nunn has been a member of the Indiana bar since 1942 and the District of 
Columbia bar since 1947. He is a member of the American, Indiana, and Federal 
Bar Associations. 

Mr. and Mrs. Nunn and their three children live at 4613 North 26th Street, 
Arlington, Va. 

Senator Srennis. Senator Martin, is there anything you want to 
say before we start ? 

Senator Martin. No, Mr. Chairman. 

Senator Srennis. All right, Dr. Glennan, we will be glad to hear 


from you. 


TESTIMONY OF DR. T. KEITH GLENNAN, ADMINISTRATOR, NA- 
TIONAL AERONAUTICS AND SPACE ADMINISTRATION; ACCOM- 
PANIED BY DR. HUGH L. DRYDEN, DEPUTY ADMINISTRATOR, 
NASA; ALBERT F. SIEPERT, DIRECTOR OF BUSINESS ADMINIS- 
TRATION, NASA; IRA H. ABBOTT, DEPUTY DIRECTOR OF AERO- 
NAUTICAL AND SPACE RESEARCH, NASA; D’MARQUIS D. WYATT, 
TECHNICAL ASSISTANT TO THE DIRECTOR OF SPACE FLIGHT 
DEVELOPMENT, NASA; EDMOND C. BUCKLEY, ASSISTANT DIREC- 
TOR FOR SPACE FLIGHT OPERATIONS, NASA; RALPH E. ULMER, 
ACTING DIRECTOR, BUDGET AND FISCAL DIVISION, NASA, AND 
ROBERT G. NUNN, JR., ASSISTANT GENERAL COUNSEL, NASA 


Dr. Guennan. Mr. Chairman, and members of the subcommittee, 
we are pleased to be back for the second phase of our presentation of 
NASA’s $485,300,000 budget authorization request for fiscal year 1960. 

During the week of April 7, we presented to the subcommittee the 
technical and scientific aspects of most of the principal projects in 
the current NASA space program. 
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I might say, Mr. Chairman, that to my mind the transcript of those 
hearings is the most comprehensive, understandable and educational 
document on the Federal Government’s aeronautical and space activ- 
ities that exists today. I hope that this record will be given wide 
public dissemination. 

In this regard, as I have said before, I believe the members of the 
subcommittee deserve the appreciation of all of us for the time they 
have devoted to seeking the details of our program, details that are 
vital to sound judgment. 

Today, we are happy to meet with you for a more detailed exami- 
nation of the specific elements included in our fiscal 1960 budget au- 
thorization request. 

I will make my opening remarks very brief because I do not want 
to go over the ground that was well-plowed on April 7. I should 
reiterate that this 1960 budget requests an increase of $101,226,468 
over the amount available for fiscal year 1959, including, of course, 
supplemental appropriations now under consideration by the Con- 
gress. The 1960 budget, you will recall, falls into three categories: 
$94,430,000 for salaries and expenses, $333,070,000 for research and 
development, and $57,800,000 for construction and equipment. 

This is, in our judgment, a sound and indeed a lean budget. I 
would like to cite, for example, what we plan to do with the $333,- 
070,000 for research and development to enable us to get considerably 
more space mileage per dollar than originally seemed possible. 

When we prepared our first 1960 budget estimates back in No- 
vember of 1958, our program relied on the then current family of 
existing rockets, namely the Juno II’s and Thor-Ables. Since that 
time, our continuing program review has demonstrated that further 
reliance upon these vehicles would be uneconomical because of their 
limited load-carrying capacity and lack of versatility. For example, 
neither of these rockets has upper stage guidance so we must spin- 
stabilize them, thus restricting both the mass distribution and the 
gross weight of the scientific payload. 

Our studies led us to initiate development of more advanced and 
much more efficient vehicles. In conjunction with the Advanced 
Research Projects Agency of the Department of Defense, we pre- 
pared the national space vehicle program which includes the Centaur 
and Vega rockets. 

As you know, the Centaur consists of a modified Atlas ICBM as the 
first stage, a high-energy second stage, and a 6,000-pound thrust third 
stage, now in development. 

Vega is made up of a modified Atlas as first stage, a modified Van- 
guard first stage as second stage, and the same 6,000-pound thrust 
third stage as in the Centaur. Vega will be capable of placing more 
than 5,000 pounds in an earth orbit and it will be one of the first 
space vehicles capable of making extensive television surveys of the 
moon’s surface. It will also permit significant communications relay 
satellite experiments and be able to launch two-man satellites. 

Centaur, which will be able to place more than 8,000 pounds in a 
300-mile orbit, should be capable of soft-landing a 730-pound scien- 
tific payload on the moon. 

Out of our program review came the realization that we would still 
need some vehicles of the Juno II and Thor-Able type for general 
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space missions. We therefore centered on the Thor-Delta, which is 
the Thor-Able rocket with the addition of a coasting guidance sys- 
tem for general satellite and space probe work. 

In order to get the Thor-Delta, Vega and Centaurs under way as 
soon as possible, we cut back our Juno II and Thor-Able launching 
schedule. We reduced our orders of Juno II’s from 8 to 5; we placed 
orders for 12 Thor-Deltas, and we set in motion plans for the develop- 
ment and procurement of 8 Vegas. On July 1, 1959 we will assume 
procurement funding of Centaur vehicles from the Air Force. 

We have decided not to order more Thor-Ables. After reexamin- 
ing our flight schedule, we stretched out our firing period in terms of 
the availability of these new vehicles. This means the majority of 
these vehicles funded in the 1960 budget will be fired during calendar 
years 1960 and 1961. We are tentatively planning to start firing 
Deltas late in 1959, this year; Vegas near the middle of 1960, and 
Centaurs early in 1961. 

You have already heard our officials and technical experts describe 
these vehicles and their capabilities in detail, but I would like to give 
you just a few highlights. 

The Juno IT can pl: ice about 80 pounds in a 300-mile earth orbit. 
The Delta can place 250 pounds in the same orbit, and the Vega 
6,000 pounds. The Juno II payload in a 300-mile or bit costs us about 
$15,000 per pound for vehicle alone, compared with $5,000 per pound 
for Delta and $600 per pound for Vega. In a deep space probe, 
Juno II’s vehicle costs $100,000 per pound; Delta’s costs $50,000, and 
Vega’s will cost $3,200 per pound. 

In short, when these vehicles are fired we will get more weight 
into orbit and space more cheaply and more “efficiently than 
heretofore. 

Needless to say, we have no intention of shooting off these expen- 
sive fireworks for Fourth of July effects. We will fire our scientific 
payloads only when we are convinced that we have done everything 
humanly possible to give them a good chance of success, and when 
we have assured ourselves that the benefits promised justify the costs 
involved. 

In this way, we hope we will continue to deserve the respect and 
support of the Congress and the people of the United States. 

i my judgment. and in the judgment of the administrative and 
technical officials who are with me here today, this is a constructive 
and soundly based budget. 

I would now like to discuss with you our requests for funds in each 
of the following major areas: Research and development, construc- 
tion and equipment, and salaries and expenses. 

With your permission, I shall give the remainder of this testimony 
extemporaneously. 

Senator Stennis. Yes, sir. 

Dr. GuENNAN. In the course of this, Mr. Chairman, I will call 
upon members of the staff to support individual parts of the budget. 

Senator Stennis. All right. You present the matters now in your 
own way and we will not interrupt unless we feel that it is a major 
item ; sahone wise, we will make memos and wait until the proper 
time. 


NASA AUTHORIZATION FOR FISCAL YEAR 1960 701 


Dr. GLENNAN. Now, if I may refer you to page 201 of the detailed 
budget justification book before you 
Senator Srennis. Allright, Doctor, page 201. 





RESEARCH AND DEVELOPMENT—AIRCRAFT, MISSILE, AND SPACECRAFT 
RESEARCH PROJECTS 


Dr. Guennan. On page 201 you have the research and develop- 
ment programs where you have both the amounts provided in fiscal 
1959, allotments and supplementals and requested fiscal 1960 estimates. 

Under the first category which is “Aircraft, missile and spacecraft 
research,” we have three it “Support of NASA plant”; “Support 
of the Jet Propulsion Laboratory plant”; and “Research contracts.” 

You will note a pose ergy increase in the support of the NASA 
plant item. This results, really, from a transfer of certain items 
which were considered na year under the “Salaries and expenses” 
category and which this year have been place under this “Research 
and development” sategory. 

The $16,670,000 which is provided for the support of NASA plant, 
is for the sort of administrative maintenance and repair for small 
items of equipment and the propellants, the supplies which are neces- 
sary in the support of research programs in the NASA plant. 

Essentially, the same is true of the JPL plant and you will note 
that these are identical in 1959 and 1960. 

We are asking the Jet Propulsion Laboratory to continue their 
program of research, which is essentially unchanged as they go into 
the next year. During the course of this year, we will validate the 
program or change it as may seem desirable. 

In the “Research contracts” category, we have research contracts 
with educational institutions, with nonprofit research laboratories, to 
a limited extent, and with industrial laboratories in support of our 
base research activities. 

Now, if you have detailed questions on these, I will be glad to 
answer them. 

Senator Srennis. Members of the committee, I see that if we 
follow these items right down the line in the justification books, there 
might be a brief question we would want to ask and I think that 
would be the best. way to cover it. 

Dr. Guennan. I think so. 

Senator Srennis. For instance, this item of “Research contracts” ; 
I want to cover this point. Do you expect any great increase in those 
items over the years ¢ 

Dr. GuenNAN. From year to year? 

Senator Stennis. Yes. 

Dr. Guennan. I would say, Mr. Chairman, not under any terms 
of a great increase. I would suspect that our support of basic re- 
search in the areas of interest to this agency, in the educational in- 
stitutions of the country particularly, might perhaps double or even 
triple this over a period of years. 

In other words, we might move from the $5.2 million to as much as 
$10 million or $15 million. 

Senator Srennis. Your idea there, of course, is to utilize talent 
and facilities that already exist ? 
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Dr. GLENNAN. Exactly, and to identify, in the course of that work, 
promising young men who are in graduate school and working on 
these research contracts who we ultimately hope will be part of our 
governmental establishment. 

Senator Stennis. The reason I ask this is because we have to have 
help in a field like space. We have the military in many phases of 
it and it is piling up. I think it is one of the best possible programs, 
but at the same tme we have to guard against overlapping programs. 

I have heard reports from various institutions where they just 
jump in and run for these Government contracts. Some seek a very 
favorable deal out of it, as you know. 

Dr. GLENNAN. Senator, I have been on both sides of this. 

Senator Stennis. Yes. What is your comment on what you see in 
that picture? 

Dr. GLenNAN. I think the advent of the Federal Council on Science 
and Technology is going to have a very good effect on just this sort 
of thing. In that Council, and I am a member of it, there will be 
an attempt made to regularize our relationships, if you will, with 
institutions of higher education and to more closely monitor this 
business of possible overlapping and jockeying for position. 

I recall very well Senator Young’s questions to me on this, on this 
business of duplication. We can have it in an area like this, just as 
much as we can have it any place else. On the other hand, Mr. 
Chairman, basic research, and that is what we are talking about here, 
is an area which this country has not supported as it should. 

Senator Stennis. Yes. 

Dr. Guennan. Over the years, if, indeed, to get on with the busi- 
ness of providing the kind of understanding that is going to be 
necessary for our developing technology, we do run into a small 
amount of this. I think we ought to be willing to pay that price. 
You can never know in this area whether this or that is going to come 
out of a program in which you may have what appear to be dupli- 
cations. I recall again your concern about this thing, Senator 
Young. 

Senator Youna. Yes. 

Senator Srennis. There are no definite lines, but you will have to 
have a coordination of your basic research grants with the Depart- 
ment of Defense. How do you propose to do that; through this 
Council ? 

Dr. GtEnNNAN. Dr. Dryden would like to speak to that. 

Dr. Drypen. There is already in existence, inter-exchanges of 
projects admitted and projects approved, between our agency and 
the National Science Foundation, the Office of Naval Research, the 
Office of Scientific Research in the Air Force, and the Office of Ord- 
nance Research in the Army. In other words, as a regular procedure, 
we send to them a list of proposals made to us and the ones which we 
have appproved, and then in a similar way, they interchange with 
us. Institutions frequently send the same proposal to all of the 
agencies, and it is necessary, as you say, not only to avoid duplica- 
tion in subject matters, but even duplication in supporting the same 
group if you act in ignorance. 

Now, the functions of these different groups are vitally different. 
The Science Foundation has the veepsaniniliay for general support of 
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basic reseach by Executive order, and the agencies have the authority 
to do basic research which supports their mission. There is a further 
discussion of this on page 230 in this justification book, pointing out 
the areas in which we make such contracts. They are in support of 
the work that we are doing. In the physical sciences, the structural 
and special purpose materials for use and application to the space 
vehicles and aeronautics, propulsion methods, instrumentation, theory 
of information handling, in the cosmological sciences, astrophysics 
and astronomy, and which are concerned with material particles and 
bodies in space, there are variations in evolution. 

Senator Stennis. Pardon me, Doctor. I don’t believe anyone is 
worried about voting for the money you need. 

Dr. Drypen. No, no. 

Senator STennis. We trust you gentlemen as to what programs you 
will go into, but we do have responsibility to try to avoid duplication 
of effort and duplication of spending money in these programs. How 
are you going to coordinate your program with this massive program 
of the Department of Defense ? 

Dr. Drypen. We do it by exchange of information on the proposals 
which Defense is considering in its basic research agencies between 
our office, the Office of Naval Research, the Office of Scientific Research 
in the Air Force, the Office of Ordnance Research in the Army, and 
furthermore, in the Department of Defense, a Committee on Basic 
Sciences deal with this problem. 

Senator Stennis. Yes; but where is the authority, though, to firm 
up the program and avoid anything more than the minimum amount 
of dual ration ? 

Dr. Drypven. There is ARPA who has administrative authority over 
all the units in Defense, ourselves, and the Science Foundation. We 
are not knowingly going into the same area. It doesn’t make any 
sense whatever to do exactly the same things. I think the confusion 
sometimes arises because if you can make a broad enough category, you 
say, “Are all these agencies doing basic research ?”—Yes. “Are they 
doing basic research in physics?”—Yes. But, when you get down to 
the specific areas of projects, you do not find duplication. 

Senator Stennis. My point is that it seems to me somewhere you 
gentlemen ought to have an overall authority to coordinate and say 
“Yes” or “No,” if necessary. You don’t seem to have that now. 

Dr. Dryven. I don’t see, as a practical matter, how you make a unit 
of 8 or 10 Government agencies come under an outside administrator. 

Senator Stennis. You exchange lists of universities and colleges, I 
suppose, with the Department of Defense? 

Dr. Drypen. Actual projects, and the amounts of money. 

Dr. GLENNAN. Within our own organization, Mr. Chairman, we 
have just what you are speaking of, an office of Contract Research 
which gets those from each of the laboratories, space development and 
aeronautical research. 

Mr. Assorr. May I add something to that ? 

Senator Stennis. Yes. 

Mr. Aszorr. A great deal of this coordination takes place in the area 


of research by coordination meetings in which there are exchanges of 
opinion on various subjects. 
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For instance, only last week there was such a meeting held in the 
Science Foundation Building and was attended by technical people, 
experts in various phases of “the program that was to be considered. 
There were also present people responsible for the administration of 
these contracting and grant progr ams, not only in the Science Foun- 
dation but all the people mentioned in the Department of Defense by 
Dr. Dryden and also by the Atomic Energy Commission in this case. 
They looked into all the proposals that were in a certain field of re- 
search from all the universities and research organizations and alse 
all items from which these various people had information which they 
thought might be proposed in the future, as well as meetings now. 

At this conference, there was a meeting of minds as to what general 
type of things should be supported and in some cases right down to 
specific projects. I think this is the most useful way of doing this. 
They change this very rapidly and the wisdom really doesn’t reside 
in any single person to make arbitrary decisions. 

Senator Srennis. I wasn’t trying to put you in a straitjacket, or 
anything like that. 

Senator Martin, did you have a question ? 

Senator Martin. I would like to ask whether all the agencies were 
represented at this conference that you just described / 

Mr. Asporr. Yes, sir; all the Government agencies that had an in- 
terest in this particular area. 

Senator STENNiIs. From the Defense Department and your own 
Agency ? 

Mr. Assorr. And the various branches of the Department of De- 
fense. 

Dr. GLENNAN. One of my colleagues makes a very good point on 
this, Mr. Chairman, that the shortness of funds in this general area 
of basic research is really a good break on this because none of us 
want to duplicate if we possibly can avoid it. We want the funds 
to go as far as they can in providing that sort of basic research. 

Dr. Drypen. And the results go to everybody. 

Senator STENNIS. Well, that is s what I asked you. Iam going toask 
you now if you are certain that that is true, that the results go to 
everyone? 

Dr. Drypen. Very certain. 

Senator Stennis. I know that I see some of these rocket programs 
in the. military, where they get one started and want to keep it going 
regardless of everything else. Imean keep it in that particular service, 
as part of their zeal and esprit de corps. I don’t suppose you have any- 
thing like that in basic research. 

Dr. Dryven. Not in basic research. 

Senator Stennis. All right; I think you are talking about this $5.2 
million item on page 201 of the justification book. You have a com- 
plete justification on pages 230 and 231. Why not just put those in the 
record, Dr. Glennan, as you come to your items? We will also place 
in the record pages 205 through 207 covering the justification “A 

“Operational support of NASA plant” and pages 226 through 2 229 
covering the justification for “Support of JPL plant.” 

Dr. GLennan. All right, sir. 

Senator Stennis. In that way it comes at the proper place in the 
record. You may proceed, sir. 
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(Pp. 201, 205 through 207, 226 through 229, 230, and 231 “Justi- 
fication for research contracts,” are as follows:) 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


Fiscal year 1960 estimates 


o* 
Operational support of NASA plant: 
POE, MRS es sentation one tis See oe $11, 726, 102 
De NT CUT as iis es on se cde shesigs svn cs le cg eg ce 16, 670,0 00 


1. OBJECTIVES 


To provide funds for contractual services, repairs, alterations, minor con- 
struction, supplies, materials, and ‘equipment required in the operation of all 
NASA activities. 

2. JUSTIFICATION 


Prior to the establishment of the NASA, all funds appropriated to the NACA 
were provided under two appropriation titles: “Salaries and expenses,” and 
“Construction and equipment.” The “Salaries and expenses” appropriation pro- 
vided funds for the operation of all NACA activities and was a single year 
appropriation. The funds appropriated under “Construction and equipment” 
were no-year funds and provided for the construction, modernization, and equip- 
ment of the NACA physical plant. 

A review of the legislative history of the National Aeronautics and Space Act 
of 1958, Public Law 85-568, approved July 29, 1958, indicates the intention of 
the Congress to retain within the ‘Salaries and expenses” appropriation title 
only those items normally required to be appropriated on an annual basis such 
as personal services, electric power, life insurance, retirement contributions, and 
similar items. The initial NASA fiscal year 1959 appropriation was approved on 
this basis. Flexibility in the programing of research activities was provided by 
including requirements for contractual services, supplies, materials, equipment, 
and similar items involved in plant maintenance and operation under the “Re 
search and development” appropriation. Requirements for these purposes are 
grouped -under the program -heading entitled “Operational support of NASA 
plant.” 

The following table summarizes the chargeability of objects of expenditure by 
appropriation titles in accordance with the appropriation structure of the NASA 
as compared with appropriations previously made available to the NACA. 

















NACA NASA 
Object | Salaries | Construc- | Salaries | Research Construc- 
and | tion and and and tion and 
| expenses equip- expenses develop- equip- 
| (1-year) ment ! (1-year) ment ment ? 
| | (no-year) (no-year) | (no-year) 
| | 
-cuealaeteantle | | L aaaptt aie alee 
O1 Persotialberviees........=.......... Pe Ft SS a eae ee Sd aes 
OD) RNR sas ik a ai i PR eB sbcesbell Bh Sucked cone tmclintaaniaieta 
OE, I OI gn cc éepessa lh didinndonninbtvndsdedat Gis nee esamnwgemins 
04 Communication services-_...........-.]| X_..--_.--|. at ae ca lLessccsenaectdoe’ 
Oy ee en I 8 a hE a tenncl wenaneneadl Ge ot awe kaa eee 
06 Printing and reproduction.___________- el ihe tn seen eh (hd Sinainitads cat bina scale tial te 
07 Other contractual services: | | | 
Educational institutions_.._..___- Dai sniercreec Bess 2 coerce aacteamalero 
Government agencies cb cates aan mS LV Bikweadcce 
Non-Government facilities ........] X-......---]_.-------.-- Beatle Ee Scopes 
Repairs and alterations_...........| X_- elec .| wccin tal eiaa a 
Security investigations. __........_| X__ as De ce 
Federal life insurance___......___- Se _| OWE ak ke Be ose k<s,.getes 
08 Supplies and materials_-......._._- win RE balk lignes tion Lice n diddobdaite 
AO Va a gk z . ockaiikud behead I sian sacar ss 


10 Land and structures. ___- xgoguiterd tice ane os X. 


11 Contributions (retirement)_________- a ¥ 2237; aves. . eta att Sah Ae 
13 Awards and indemnities............__- Tiana hd ain dees Dd 6 cia Bsocibcalipamandl 
15 Taxes and assessments -_______-____- +] dk frcimetnie- treatm aaa ets 





1 Pursuant to agreement with Bureau of the Budget, all items of a capital nature in excess of $100,000 were 
included under this heading. 

? Pursuant to sec. 307 of the National Aeronautics and Space Act of 1958, all items of a capital nature in 
excess of $250,000 are included under this heading. 
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The following tabulation summarizes the requirements for operational support 
of the NASA plant for the fiscal years 1959 and 1960: 


Fiscal year 1959 Fiscal year 
1960 research 
| and develop- 
Salaries and | Research and Total ment 
expenses ievaneneen 


SS tO 


Breakdown by objects 


esearch contracts _--....--- 


07 Other contractual services: | 


1($1, 000, 000)| 1, 000, 000)} '($4, 000, 000)} 1($5, 200, 000) 











Government agencies pmdsenine coat 135, 330 | 135, 330 114, 000 
Non-Government facilities____.____- 596, 900 | 153, 000° 749, 900 935, 000 
Repairs and alterations- hen ora 1, 055, 270 | 120, 000 1, 175, 270 1, 728, 000 
08 Supplies and materials ---.---.----.-- set 6, 099, 652 | 145, 300 6, 244, 952 8, 283, 000 
Bes LR Adit. cdddnctdncetcdstepiahed | 3, 250, 150 170, 500 3, 420, 650 5, 610, 000 
as 6 Be age | 41,137, 302 | 588, 800 | 11, 726, 102 "16, 670, 000 
j ' | _ a | 
1 Research and development program entitled ‘‘ Research Contracts’’. 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
Fiscal year 1960 estimates 
Support of JPL plant: 

I a hh. acelin an asa eae $8, 156, 500 
IN RN i a ca ala aire a cating pica elimi vasandas le 8, 156, 500 


1. OBJECTIVES 


The Jet Propulsion Laboratory, operated by the California Institute of Tech- 
nology at Pasadena, Calif., under control and funding by the Department of 
the Army, has been carrying on research in many areas associated with the 
development of missiles and space vehicles. Some of this work had specific 
military application; a large portion of the work was more general in nature. 
The technical knowledge resulting from the work is applied to the design, 
propulsion, operation, and guidance of improved missiles and space vehicles. 


2. HISTORY OF TRANSFER TO NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


The National Aeronautics and Space Act of 1959 (Public Law 85-568) gave 
the President authority to transfer to the newly established National Aero- 
nautics and Space Administration “any functions—of any other department 
or agency of the United» States—which relate primarily to the functions, 
powers, and duties of the Administration as prescribed by section 203 of this 
act.” Pursuant to this authority, the President issued executive order 107938, 
dated December 3, 1958, which transferred ‘those functions (including powers, 
duties, activities, and parts of functions) of the Department of the Army or 
of any officer or organizational entity thereof which are now being performed 
at the Jet Propulsion Laboratory of the California Institute of Technology, 
near Pasadena, Calif. (hereinafter referred to as the laboratory), except so 
much thereof as relates primarily to military operations and weapon system 
development programs” to the National Aeronautics and Space Administra- 
tion. The executive order also provided for the transfer of $4,078,250 from 
the Department of Defense to the National Aeronautics and Space Adminis- 
tration. This amount represents the estimated cost of operating the trans- 
ferred functions for the period January 1, 1959 to June 30, 1959. 

On December 3, 1958, an agreement entitled “Cooperative Agreement on the Jet 
Propulsion Laboratory Between the National Aeronautics and Space Admin- 
istration and the Department of 'the Army” was signed by the Administrator, 
NASA, and the Secretary of the Army. This agreement defined the policies 
and procedures to be followed in carrying out ‘the details of the transfer. Imple- 
mentation of 'the agreement is now in progress. 

On December 18, 1958, NASA order No. HS—41 was issued to the Jet Propulsion 
Laboratory providing authority and funds for the continuation of this work. 


“i (lies all 
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3. PROGRAM PHASING 


The NASA plans to carry on the transferred functions of the Jet Propulsion 
Laboratory in accordance with the current research programs. Due to the 
calendar year funding method for the Jet Propulsion Laboratory now in use, 
funds for the period Jenuary 1, 1959, to December 31, 1959, will be supplied from 
the NASA’s fiscal year 1959 appropriation for research and development 
($8,156,500) and funds for the period of January 1, 1960, to December 31, 1960, 
will be supplied from the fiscal year 1960 appropriation ($8,156,500). During 
1959 the research program of the Jet Propulsion Laboratory will be examined 
and reviewed to determine the areas where changes in emphasis may be 
required. 


4. Program costs 


vee 
Fiscal year Fiscal year 





1959 1960 
| 
cone piano - a = a 
Guidance and control_-- ida wem met _ $900, 000 | $900, 000 
Extreme range communications - - - -- ‘i ‘ F 300, 000 | 300, 000 
Physical and electrochemical research in electronics___-_-- 210, 000 | 210, 000 
Guidance component research - 220, 000 | 220, 000 
Telemetering investigations --_- 170, 000 | W 0, 000 
Missile engineering - - 590, 000 590, 000 
Vehicle design studies - - 388, 000 | 388, 000 
Structures ‘ - 28, 000 | 28, 000 
Application of superconductors ‘ 111, 000 | 111, 000 
General studies_. ; 63, 000 | 63, 000 
Solid propellant research and development. ‘ 1, 230, 000 | ly , 230, 000 
Propellant development- uid na 4 58, 000 | 46 58, 000 
Propellant engineering--_-- 4 ncargmeeain ah ; 772,000 | 772, 000 
Liquid propellant research and development / ws i 1, 450, 000 1, 450, 000 
Propulsion system development: 

45,000-lb. thrust N204/N2H, system__-_-_-_......----- sanencetacsy 615, 000 | 615, 000 


20,000-lb. thrust engine... ..----- Re he ee ne aes ‘esate , | 155, 000 155, 000 


Propulsion system analysis-- io aha heal ch deeetnac <bataiet aoe 62, 000 62, 000 
General supporting studies: 
Development of propellants and auxiliaries-_-_-_--_-- tl : 315, 000 | 315, 000 
Combustion and injection research. ___.-...-...-- uu pe seed _ 303, 000 _ 3083, 000 
Advanced propulsion systems_- -. ord ciietem ecu a 314, 000 314, 000 
Materials research. .....-.---- i edatc aia ate eaas hela j 840, 000 840, 000 
Solid state research__ oa ; : 160, 000 160, 000 
Metallurgy -.--- aan ae = s 245, 000 245, 000 
Ceramics aie 108, 000 | 108, 000 
Missile materials 2 , 72, 000 72, 000 
Graphite ---- ee nn ee en ae : t 155, 000 155, , 000 
Basic studies in chemistry and physies- - -- seSeteee 960, 000 960, 000 
Applied chemistry Te 305, 000 305, 000 
Propulsion physics 655, 000 655, 000 
Instrument development ‘ Le ; 680, 000 680, 000 
Instrumentation research. eta aa ‘ | 244, 000 244, 000 
Computer research scauaiaaae : : te 436, 000 | _ 436, 000 
Propellant and propulsion research é ‘ 1, 132, 500 . 132, £00 
Heat transfer ‘ 355, 000 355, 000 
Rocket motor injector research 200, 000 200, 000 
High-performance storable liquids (chemical investigations) 24, 000 24, 000 
High-energy solid propellant research m0 g 200, 000 200, 000 
Atomization and injector hydraulics 53, 500 53, 500 
Combustion research __- 300, 000 300, 000 
Minor construction be . 60, 000 60, 000 
Storage vault 18, 000 18, 000 
Addition to cafeteria building 34, 500 34, 500 
Miscellaneous aa , 7, 500 7, 500 
Total US, BK 8, 156, 500 8, 156, 500 


39621—59—pt. 2——3 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


Research and development programs, fiscal years 1959 and 1960 





Fiscal year 1959 | 
ichliieteuliielipelaietigittiatealeiaaigl Bian Fiscal year 
| 1960 estimates 
|Supplemental 


Program 


Allotments 





Aircraft, missile, and spacecraft research: 


rn oon oncnpues.cnncedentoasecens i ee $16, 670, 000 
SS Oe ee NS dde . cccnnctudncanvknsannenctineasen 8 1086800 |oxs..<.. ~is 8, 156, 500 
I nis west gpeidsinnienw.c waka es FE GED Incecnkincens 5, 200, 000 
Scientific investigations in space: | 

ee bee eee etal aoeeaee PD Vsiinaciveucsainvc 10, 000, 000 
Scientific satellites... _- cella dca ing aka aca | 35,258, 00 | .........-.- 22, 800, 000 
Se ee ee A ) es apes 7, 140, 000 
an ok secede pinion nie hiatal 


| Vi PEI bccn conmeneus 6, 803, 500 
Vanguard program -. , cmdnennina aaa ee en 25, 541, 282 ike tis 
Satellite applications inv estig: ations: 
ss. odcakccevdheanysneceebsaceusnenunena Joan ONO nanccase fecuae 10, 800, 000 
Comm: inications. Brg il ele Sa ne ennai acl PES Dinwtin ace cmnrass 4, 700, 000 
Space operations tecunology: 
| 


} 
ee | Eee eee amen $: 70, 600, 000 


& 
S 
z 
a 
= 


Space rendezvous techniques..........---- ans kiktven hace ieee bee adaseeNeicn meiecene 3, 000, 000 
Space propulsion technology: 





EEN IIE on icc nndconccnmsecane “7 dt 3, 000, 000 
High-energy propellant roc kets__- bo Al eaeaimnieaes TD Newessvicncas 5, 000, 000 
1,000, 000-pound thrust single-chamber engine........------ | Te bonnes cree 30, 200, 000 
I os cnc ancanoecasectchescuanansel 4, 500, 000 |.------- ame 8, 000, 000 
Ne ink cccncunecses dieses _ ee CO Se 3, 000, 000 
Auxiliary power units...................-..-. vp arennemenien | eee 3, 000, 000 
Space systems technology: | i 
Advanced vehicle systems. --......--..-.------ : ee, od 1, 500, 000 
cc nmatsecib perk einmempeencan ee 1, 500, 000 
Orbiting space laboratories... __- cence ieee jichkiatenwens 2, 000, 000 
Supporting activities: Tracking and data : acquisition_ here 3, 300, 000 Lic abheeAceuy 11, 500, 000 
Vehicle development: 
BG noc ccbnsscennncwnsocensntnveseereesdecesmrensssse| 6, 048, 000 |.----------.-- 2, 000, 000 
i i Rc taratchekts aeeiiccmemen 5 tea das teialg caotgia mica. (aerate sees 13, 300, 000 
ee Ped Lo as came einasg aap ebene sant a8, 008 wai ecdabins 42, 800, 000 
Re aiceENc eet ecn rake oncndddncdsnnessamanaencos lomwiinhdnieelee ian a tial bead aan 41, 000, 000 
Total, research and development ----.-..-........------- | 1204, 619, 532 | 20, 750, 000 333, 070, 000 


1 Does not include $11,137,302 for support of NASA plant and $1,000,000 for research 
contracts provided in the “Salaries and expenses” appropriation. The revised estimate 
for support of NASA plant on a basis comparable to the 1960 estimate is $11,726,102, while 
that for research contracts is $4,000,000. 

Fiscal year 1960 estimates 
Research contracts: 
I a a ee $4, 000, 000 
ey SD lan dha pide eee db ising acai a SEs mei binah inh 5, 200, 000 


1. OBJECTIVES 


To draw upon universities and other research establishments for fundamental 
and applied research necessary for advancing aeronautical and space technology. 


2. JUSTIFICATION 


In order to provide scientific knowledge for existing programs in aeronautical 
and space technology and to build a foundation for future programs, there is 
an urgent and continuing need for NASA to augment its present capabilities by 
utilizing the research potential of the universities and research institutes of the 
Nation. Not only must existing research groups be utilized but additional ones 
must be created to accelerate the advance of space sciences to the maximum 
extent. Important problem areas may be grouped as follows: 

(1) The physical sciences encompass the fundamental research problems 
related to structural and special purpose materials, propulsion methods, instru- 
mentation, theory of information handling and analysis, and others. To permit 
advances in applied science, increased understanding is needed in many areas 
of fundamental physical science. 

(2) The cosmological sciences include planetary sciences, astrophysics and 
astronomy, which are concerned with characterizing material particles and bodies 
in space, radiation, their variations and evolutions, and the experimental tech- 
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niques of acquiring this knowledge. Practical questions such as tracking and 
guidance, environmental hazards of space flight, and the possible utilization of 
energy and matter in space all require substantially increased knowledge and 
techniques which must come from fundamental research. 

(3) The life sciences include the fundamental study of physiology and 
biophysics to ascertain the limitations and hazards of manned space flight, owing 
to radiation, acceleration, weightlessness, and to other problems. Biochemistry 
related to sustenance of life, and behavioral adaptation in the space environment 
are also important basic research areas. 

(4) The engineering sciences encompass important areas of fundamental 
engineering research, such as energy production and conversion processes, solid 
state or molecular transition electronic devices, guidance principles and tech- 
niques, trajectory problems, hypervelocity fluid dynamics, and plasma produc- 
tion, as examples. The calculation of optimum design and probabilities of 
mission performance, through system analysis techniques, requires research to 
increase the capability of this engineering science to permit treatment of the 
complex space systems. 

(5) The NASA research associateship program, to be administered jointly 
by the National Academy of Sciences and the, National Research Council, will 
provide to investigators of unusual ability and promise an opportunity for basic 
research in the various areas of science having to do with space exploration, 
including upper atmosphere physics, astrophysics, and plasma physics. 


3. Program costs 














| Fiscal year Fiseal year 
1959 1960 
i Danaea eeeinael a 
RN a 2 ol ada dace Oa mguiau ee anita OSES aaa $1, 150, 000 | $1, 100, 000 
Cosmological sciences... ..-.------ b Siucsnedeececadancwtesseueaeeatoawian | 800, 000 | 900, 000 
NN Nit Sic akch iii sions wdc cides mika saaebaldasaat dpi ema acetates | 450, 000 1, 250, 000 
Engineering sciences._____--- is isco pied doth as cg concn la lard ba a tein alana ai ae | 1, 250, 000 1, 600, 000 
Iv tee, Ce Ons SINS... 2: oc ccacmnua gens nededdouspeewesbuseiaaae 350, 000 350, 000 
NT seas dc ete acces oS tecse ois ie aia ea ree arm a ere | 1 4,000, 000 | 5, 200, 000 
| | 
' Includes $1,000,000 funded under the ‘Salaries and expenses”’ appropriation title. 
SCIENTIFIC INVESTIGATIONS IN SPACE 
Dr. GtenNAN. The next large item under the “Research and de- 


velopment programs” is “Scientific investigations in space.” You will 
note there are five categories: Sounding rockets, $10 million; scientific 
satellites, some $22,800,000; lunar probes, $7,140,000; deep-space 
probes, $6,803,500, and the Vanguard program, which should be com- 
pleted and will require no more money. 

These programs are the basic, scientific investigations which we 

vant to carry on in this new environment of space. Perhaps Mr. Wyatt 

can speak more definitely to any questions which you might have here. 
I would say what we are doing here basically is to study the phenomena 
that we may find out there of atmosphere, magnetic gravitational fields, 
radiation phenomena, and the sort of things that Dr. Homer Newell 
described so thoroughly to you back in April. 

Dr. Drypen. His testimony on the scientific investigations in space 
can be found on pages 232 to 245 of the April hearings. 

Senator Stennis. All right, who is going to speak on those items? 

Mr. Wyarr. The first category of sounding rockets refers to essen- 
tially vertical traverse through the atmosphere to no more than 4,000 
miles. 

In our program for 1960 we contemplate the firing of something 
between 80 and 100 rockets to be procured with the funds from 1959 
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and 1960. These will be fired at a variety of locations around the 
country; Fort Churchill, Wallops Island, White Sands, the San 
Nicholas Islands and a few will be fired in Australia for observation 
in southern latitudes. These are all small rockets on the average. I 
think they aggregate a cost of perhaps $20,000 per rocket and they 
carry a payload up and down and give us a vertical traverse in a 
variety of fields. Some of these will study the atmospheric properties, 
ionispheric or electrically charged properties and these sort of things 
are incorporated into the payloads. 

This is an extension in scope and in depth of the International 
Geophysical Year program and the general sounding rocket program 
that has been carried on in this country for about 12 years now. We 
are continuing it. The detailed justifications on this are on pages 232 


to 234 of your books. 
Dr. GLeNNAN. We would like to place those in the record at this 


point. 

Senator Srennis. Pages 232 and 234 of the. justification book will 
go into the record at this point. 

(Pp. 232 through 234 of the sounding rockets justification are as 


Siew) 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


Fiscal year 1960 estimates 
Sounding rockets: 
I eis ca eat detain at pected sr ain SO $5, 000, 000 
INE IN IND isa oti sericea icacabegsicinss ede inhaling Pa east wedancenbinaite 10, 000, 000 


1. OBJECTIVES 


To measure and understand the nature, extent, electrification, and dynamical 
behavior of the earth’s atmosphere. To investigate the interactions of incident 
electromagnetic and particle radiations with the earth’s atmosphere. To deter- 
mine the relation between phenomena in the high atmosphere and surface meteor- 
ology. To conduct exploratory geophysical and astrophysical investigations 
leading to later satellite and deep space probe experiments. 


2. JUSTIFICATION 


A sounding rocket is defined as a rocket that can carry a usable scientific pay- 
load out to a distance up to one earth’s radius from the surface of the earth. 
Such a vehicle affords a means of studying the earth’s atmosphere in vertical 
cross section out to a distance at which it merges with the medium of inter- 
planetary space. In support of the above objectives, many investigations of 
atmospheric structure, composition, ionization, motions, aurora, airglow, ab- 
sorption of solar radiation, and interactions with cosmic rays and other particles 
can best be conducted by means of sounding rockets. The current NASA program 
continues the rocket sounding of the past 12 years, and is based on the experience 
obtained from the earlier work. 

The current NASA sounding rocket program has three phases: (a) Investiga- 
tions up to the E-region of the ionosphere at roughly 100 kilometers; (b) in- 
vestigations in the region between 100 kilometers and the maximum of the 
F-region of the ionosphere at between 300 and 400 kilometers; and (c) investiga- 
tions from 400 kilometers out to 6,000 kilometers. From the rocket sounding 
activity of the past 12 years a fairly complete picture of the atmosphere up to 
about 100 kilometers has begun to emerge. Phase (a@) of the program is directed 
toward filling in the remaining gaps, and includes detailed measurements of 
geographic and temporal variations of atmospheric characteristics and high- 
altitude phenomena, using smaller sounding rockets like the Arcon. Between 
100 and 400 kilometers a considerable amount of data have been accumulated, 
but only enough to delineate the bare outlines of the whole picture. Phase (b) of 
the NASA program is directed at investigations of this portion of the atmosphere, 
using moderate altitude rockets like the Aerobee-Hi, Iris, and Spaerobee. Above 
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the 400-kilometer level, rocket sounding is only in its beginning stages. Phase 
(c) will pick up this part of the work, using high-performance rockets and rocket 
combinations that will be adapted especially for the task. 


38. PROGRAM PHASING 


The 1959 funds will permit the procurement of approximately 50 sounding 
rocket boosters. Funds are also included for the development of improved sound- 
ing rockets, and for payload development, and fabrication. The payloads will 
be developed partly at the NASA Spaee Projects Center and partly under con- 
tract. The 1960 funds will provide some 100 rocket boosters and payloads. 


4. Program costs 





| Fiseal year Fiscal ‘year 
| ’ . 





| 1959 | 1960 

ee — ———— _—_—— — —_—_ ——$—__—___——— — — | 

PA | | 

Scientific and technical studies: } } 
Studies on measurement techniques. ....................-.-.-.....-..--- $200,000 | | $300, 000 
SEN SOONG SOOO BOO oi nels ine cnetinipeepumnenesanlys ‘ 100, 000 | 200, 000 
Prototypes and operational hardware: 1% ee | 
RUNNIN WINDS 8 uo cards itso ak oa wind awe Doce eed ameu tenes canes 1, 000, 000 | j 2, 000, 000 
NIN oe ed Se ui st ik cnet bce eee asben knoe | 1,000,000 | | ~ 2,000,000 
Developme nts ul RCN gna 1,000,000 | # 2,000,000 

Oper: tions and technical services: | ‘ » 

EI OT POOMIIIEE G6 ond Sc selk dew ew etekwewa ccdedin deci deawdeenneceae 400,000 | 13% 900,000 
Data acquisition, reduction auth atleast tee 300,000 | 4X 600, 000 

Supplies, equipment, repairs, and alterations: Test equipment, mobile | | 

launching units, recording materials, minor modifications to existing | | 
NGI, bic bicbaneex cdkicdes ketandvadacbundecnsccdesddodbamedak piaatbone 1, 000, 000 2, 000, 000 
ee eee ceed | 5, 000, 000 10, 000, 000 


Mr. Wyarr. In the area of scientific satellites, the detailed justi- 
fication is shown on pages 235 through 237 and we would like to 
place that in the record. 

Senator Stennis. All right; place them in the record. 

(Pp. 235 through 237 of the justification for scientific satellites are 
as follows:) 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


Fiscal year 1960 estimates 
Scientific satellites: 
By RIAD IE I a chi dacs at ces sched gcc an en cn akin cama $23, 252, 000 
DCR FOR BG an nc iicninninnnd anc dea 22, 800, 000 


1. OBJECTIVES 


To determine the nature, extent, and dynamical behavior of the earth’s outer 
atmosphere, and its relation to the medium of interplanetary space. To deter- 
mine and understand the nature, extent, dynamical behavior, and causes of the 
earth’s ionsphere. To understand the nature, extent, and temporal variations 
in the gravitational, magnetic, and electric fields in the vicinity of the earth. 
To understand the origin, nature, motions, spatial distributions, and temporal 
variations of particles reaching the vicinity of the earth and having energies 
appreciably greater than thermal. To investigate the electromagnetic radia- 
tions reaching the vicinity of the earth, from gamma rays to radio waves, and 
to use such observations to extend knowledge of the sun, stars, and matter in 
space, and of the atmospheres of the earth and other planets. To determine 
and understand the interrelations among the above-listed phenomena. To de 
termine and understand the environmental conditions encountered in the 
atmosphere, in space, and in vehicles traversing these regions, and their ef- 
fects on materials and equipment. To determine the effects of conditions in the 
atmosphere and space and of flight through these regions on living organisms, 
and to understand the behavior of such organisms under these conditions. 
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2. JUSTIFICATION 


The projects listed below support the above objectives by providing a series 
of exploratory measurements intended to give order-of-magnitude estimates of 
the quantities under observation, and to probe for new discoveries. The ex- 
ploratory measurements will be followed by a series of more advanced experi- 
ments designed to make accurate measurements within the ranges indicated 
by the earlier exploratory investigations. Carrying out a number of the in- 
vestigations in the NASA Space Projects Center will provide a stable nucleus 
for the program, while the participatioh of universities and other research 
agencies will greatly broaden the base and strength of the total program. 


3. PROGRAM PHASING 


The current satellite space-research program includes three phases: (a) 
Lightweight exploratory payloads for survey-type observations; (6) lightweight 
sophisticated experiments for quantitative measurements; and (c) heavier 
orbiting space laboratories of increased scope and complexity. Initial satellites 
to be launched in 1959 will carry exploratory IGY experiments that justify repe- 
tition. Lightweight sophisticated packages will follow in 1960, to study energetic 
particles, atmospheric properties, ionospheric characteristics, and geodesy. 
Heavier payloads, such as stabilized telescopes and atomic clocks will be de 
veloped and launched when ready. Exploratory biological experiments will be 
prepared. Meanwhile, with the help of previous results, additional sophisticated 
payloads in disciplines including atmospheric and ionospheric structure and 
composition, energetic particles and magnetic fields, solar radiations, and satel- 
lite environment, will be developed and prepared for launching. 

The 1959 funds will allow the procurement of six satellite systems using three 
Jupiter, and two Thor-Able boosters. Funds are included for payload design,, 
development, and tests: for reduction and analysis of resultant scientific data: 
and for collateral theoretical investigations. The 1960 funds provide for the 
purchase of two additional Juno boosters as well as the payload systems for the 
Thor-Deltas and the Jupiters. 


4. Program costs 


| 
Fiscal year Fiscal year 


1959 1960 

Scientific and technical studies - - -- $1, 000, 000 $3, 000, 000 
Prototypes and operational hardware: 

Juno II satellite vehicles (5 units) - - - = 8, 540, 000 4, 000, 000 

Thor-Able satellite vehicles and payloads (2)-.--.. 7, 120, 000 | ‘ 

Satellite payloads _- | 2, 850, 000 | 6, 150, 000 
Operations and technical services: Assembly and launch of experimental | 

vehicles and data acquisition, reduction, and analysis ; 2, 742, 000 6, 650, 000 

Supplies, equipment, repairs, and alterations. aihine ‘ 1, 000, 000 3, 000, 000 

ME enebcscbsendcictecoxéiatdtonyabddlenapintbdantondessencent | 23, 252,000 22, 800, 000 


| 





Mr. Wyarr. These refer to the satellites which circle the earth in 
different paths depending upon the place and direction at which they 
are launched and these are scientific instrumented payloaded packages, 
again to study the wide variety of scientific fields of the sort that 
Dr. Glennan referred to. We have been conducting such a program 
of course, this year, and placed several satellites in orbit and we expect 
to extend that program through the fiscal year 1960 funding, which 
will carry through a flight program into calendar year 1961. 

The funds we request here will give us the payloads and the backup 
moneys to carry this scientific satellite period through that time period. 
You might notice that in arriving at our 1960 costs, in 1959 we included 
the cost of what we call essentially off-the-shelf vehicles. These are 
the Juno II vehicles and the Thor-Able vehicles which are included in 
1959. 
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Now, in 1960 we are including $4 million for additional Juno IT 
vehicles, but the other vehicles that will actually be used in this pro- 
gram are not off-the-shelf items and they will be covered subsequently 
in the items under vehicle development, so that the 1960 budget is pre- 
dominantly the cost of the payload, the special studies, the workup 
of the data and the support in the launching flight operations for this 
scientific satellite program. 

Senator Stennis. All right; that brings you down to this item now 
on the Vanguard, which goes out. 

Mr. Wyarr. No, sir, if I may, there are two items before that on 
“Scientific investigations in space.” These are the lunar probes and 
deep-space probes. 

Senator Stennis. All right. 

Mr. Wyartr. At pages 238 through 244 of the justification book. 
They may be put in the record. 

Senator Stennis. They will go in at this point. 

(Pp. 238 and 244 of the justification for lunar probes and deep-space 
probes are as follows :) 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


Fiscal Year 1960 Bstimates 
Lunar probes: 
es GORD Bet ot la ct cndadoeine ictadawae ee ebeaee $7, 720, 750 
BUCO POR TN iis sects prensa co catsicecscaltannetanetinbeeghae aaa esananieed 7, 140, 000 


1. OBJECTIVES 


To develop vehicles and associated systems with advancing capabilities for 
the scientific investigation of space phenomena out to the distance of the moon 
and of the moon itself; and to utilize such vehicles for the acquisition of funda- 
mental information on the radiation, field, and particle properties of cislunar 
Space, and on the mass, configuration, surface details and composition, structural 
features and dynamics, atmospheric composition and density, magnetic and 
gravitational fields, radioactivity, biological systems, and other scientific charac- 
teristics of the moon. 

2. JUSTIFICATION 


Recent investigations in the space regions within an earth radius of the surface 
by means of vertical sounding rockets and earth satellites have already greatly 
extended man’s knowledge of physical and chemical phenomena constituting the 
earth’s environment and exposed important new processes that warrant more 
detailed investigation. Information of this type is a basic requirement for the 
understanding of problems concerning meteorology, communications, cosmology, 
and biophysics. Advancement of knowledge in these areas will require, in addi- 
tion to an intensification of sounding-rocket and earth-satellite investigations, 
an extension of environmental measurements to much greater distances from 
the earth. 

As part of this outer environment, and as our nearest major body in the solar 
system, the moon itself offers important potentialities for better understanding 
of historic and contemporary phenomena of the solar system and for clarification 
of some basic physical, chemical, and biological concepts that are fundamental to 
modern science. 

Space flight systems can provide a revolutionary capability for investigation 
of such problems. A prominent phase of the NASA space-flight program will, 
accordingly, be directed to the development and utilization of space vehicles 
for the advancement of scientific knowledge concerning cislunar space and the 
moon itself. 

8. PROGRAM PHASING 


As approved by the President, the DOD Advanced Research Projects Agency 
undertook the development and construction of three Thor-Able and two Juno II 
lunar and cislunar space probes. On establishment of the NASA these projects 
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were assigned for final funding by the NASA during the fiscal year 1959. These 
probes are permitting evaluation of initial problems associated with the placing 
of space vehicles in circumlunar trajectories and in loose satellitelike orbits about 
the moon, and should provide some preliminary information on the environ- 
mental characteristics of cislunar space and, possibly, certain gross characteris- 
tics of the moon itself. 

During the fiscal year 1959, work will be initiated on the development of ad- 
ranced probes with improved capabilities for conducting cislunar space investi- 
gations and for evaluating the problems involved in establishing vehicles in 
more precise lunar orbits as the first step in acquiring more detailed information 
on lunar characteristics. Advancement of the technology of midcourse guidance 
and long-distance data transmission is basic to the success of this mission and 
emphasis will be placed on the resolution of these problems. 

The project will be continued in the fiscal year 1960, and as system development 
is completed, launchings of precision lunar orbiters will be scheduled. In addi- 
tion to the demonstration of vehicular capabilities, such probes should provide 
advanced information on cislunar and lunar magnetic fields, micrometeoritic 
distributions, and radiation and cosmie particle properties. It is hoped that 
improved information on lunar mass will be provided and high-resolution mapping 
of the moon’s surface achieved. 

Studies and preliminary development projects will be undertaken in the fiscal 
year 1959 and extended in the fiscal year 1960 to acquire technology for a more ad- 
vanced lunar vehicle with a capability for executing a controlled lunar landing. 
Such a vehicle would provide important potentialities for detailed scientific 
exploration of local physical, chemical, and biological characteristics of the moon. 
Investigations of terminal guidance systems, orientation devices, landing con- 
trols and motors, robot erecting and experiment mechanisms, and special scien- 
tific sensors will be required. It is not expected that such vehicles will be avail- 
able for launching before 1961. 


4. Program costs 


Fiscal year Fiscal year 
1959 1960 





Scientific and technical studies: 
Basic investigations to develop advanced midcourse guidance, orienta- 
tion, scientific sensor, command control, and data handling and trans- | 
mission components and syste™s_.--- js Seticuticnanine aera $575, 000 $1, 000, 000 
Basic investigations to develop terminal guidance syste'ns, landing con- 
trols and motors, robot mechanisms, and special scientific sensors for 
I a i ik stake bec ecd ties eteniwe am cuihs whip oasibiee 300, 000 800, 000 
Prototypes and operational hardware: 
Balance of funding for construction and flight tests of 3 Thor-Able and | 
2 Juno II lunar probes transferred from ARPA_-_-.-..-.---.------------ 4,810, 000 
Research, development, and construction of advanced midcourse guid- | 
ance and control, scientific sensors, and data handling and transmis- 





sion systems for lunar-probe payloads_........-..-------- aie al 1, 500, 750 3, 100, 000 
Operations and technical services: Assenbly and. launch of experimental 
vehicles and data acquisition, reduction, and analysis-_..-........-.-- pavuns 285, 000 | 1, 240, 000 
Supplies, equipment, repairs, and alterations... ............-.-.-----.--.----- | 250, 000 1, 000, 000 
Dee enna eee ee nee ae ea Paae 7, 720, 750 | 7, 140, 000 
Deep-space probes: 
na Sm iE i See de ee del $17, 791, 000 
Sree MGT Megs ca i ee ee 6, 803, 500 


1. OBJECTIVES 


To develop vehicles and associated systems with advancing capabilities for the 
scientific exploration and evaluation of deep-space phenomena; and to utilize 
such vehicles for the acquisition of fundamental information on the constituents, 
processes, and characteristics of the solar system, particularly as they influence 
the geophysical, astrophysical, and cosmological sciences. 


2. JUSTIFICATION 


Man’s effort to identify, understand, predict, use, and possibly control elements 
of his natural environment must take into account the numerous factors. and 
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influences associated with the cosmic domain. Until recently, progress along 
these lines has been subject to the limitations imposed by remote observations 
and indirect measurements. Space-flight vehicles now offer an important re- 
search capability for circumventing many of these limitations and thereby 
permitting verification, clarification, and vast extension of existing information 
on space phenomena. 

In particular, instrumented vehicles of appropriate design may explore the 
variation of pertinent physical and chemical characteristics of space with dis- 
tance from the sun and provide a wealth of fundamental information on the 
spatial distribution, nature, magnitude, dynamics, temporal variations, and 
interactions of micrometeorites, energetic particles, electromagnetic radiations, 
magnetie fields, electrons, ions, hydrogen, and the sun’s atmosphere in the solar 
system, and on their relation to phenomena experienced on earth. Investigations 
of the major bodies of the solar system themselves should provide further insight 
into the relative characteristics of various components of the system, the influ- 
ence of particular environments on planetary physics, chemistry, and biology, 
and on the historic and contemporary processes of the solar system. 


3. PROGRAM PHASING 


During the fiscal year 1959 a project is being undertaken to develop an initial 
vehicular system with potentialities for flight to the vicinity of the Venus orbit 
on essentially a minimum-energy trajectory. Two vehicles, one based on the 
Thor-Able and the other on the Atlas-Able propulsion systems will be constructed. 
It is anticipated that guidance, tracking and data transmission will be crucial 
to this operation. Accordingly, while it is planned that some scientific instru- 
mentation will be carried to provide preliminary information on radiation, 
particle, and field characteristics along the flight path of the vehicle, considerable 
emphasis will be placed on the demonstration and evaluation of system require- 
ments for future deep-space experiments. Concurrently, study and development 
projects will be undertaken to provide improved vehicular subsystems and operat- 
ing techniques with refined and extended capabilities for more advanced 
experiments. 

During the fiscal year 1960 the Vega vehicle system will be under development. 
Such a vehicle will make possible a wider range of scientific missions by offering 
a greater payload-carrying capacity, and/or sufficient energy to penetrate to 
greater distances toward or away from the sun. Development and construction 
of the advanced guidance, the instrumentation, and the data-handling and data- 
transmission systems which will be used in the payload for such missions will 
also be undertaken. It is not expected that the advanced probes will be available 
for launching before 1961. 


4. Program costs 








Fiscal year | Fiscal year 
1959 1960 
Scientific and technical studies: 
Investigations of advanced midcourse guidance and control, tracking, 
and data handling and transmission systems_-.-- desleaed ddbante dritstarintsatashiliie $840, 000 $850, 000 
Inve ‘stigaticns of scientific instrumentation for evaluating ne anetary and 
I i iin cette edited cinlaiaaaln aiid ines 800, 000 | 800, 000 
Prototypes and operational hardware: 
Development, construction, and launch of initial Thor-Able and Atlas- 
FRU CREE IN CS oe Oe cc cereale oeenetenamae ie 5, GR Ge Fo oeGiscncnqncne 
Development of advanced midcourse guidance and control, data handling | 
and transmission and instrumentation systems for deep-space payloads_| 6, 401, 000 | 3, 653, 500 
Operations and technical services: Assembly and launch of experimental 
vehicles and data acquisition, reduction, O00 RUIN ah acct ies | 600, 000 1, 000, 000 
Supplies, equipment, repairs, and alterations. ...-..............-.-------.--- 160, 000 | 500, 000 
-otimpiiaieictima cers incciasleigtiameiamas: 
WOR tncdcthandcntdanihinbabiinhncadiond ntenidhapecenniekhinenaiened 17, 791, 000 6, 803, 500 


Mr. Wyatr. Now these are related in that they are probes away 
from the earth, and bodies that do not return to the earth but eventually 
go into orbit around the sun. They are differentiated by the objective 
of the shot. 

The lunar probes refer to those shots directed to the vicinity of the 
moon itself. 
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The deep-space probes refer to shots that go beyond 4,000 miles since 
we have restricted our sounding-rocket definition to a 4,000-mile 
altitude, on out to the vicinity of the nearby planets, Mars and Venus. 

Our provisions in both of these items in 1960 are for the procurement 
of cahtenie and associated expenses to the conduct of these sort of 
programs. Again I draw your attention to the fact that in our 1959 
funding we include the cost of some of the conventional, off-the-shelf 
vehicles. In our 1960 costs, we will not be using any of the con- 
ventional vehicles and, hence, the vehicles again will be carried under 
a separate item of vehicle development. 

The chart placed up here shows the number of firings that we expect 
to make in the calendar years 1959, 1960, and 1961. As I indicated, 
the funds that we are requesting for fiscal year 1960 will support 
the payloads and the associated expenses for the firings through 
calendar year 1961. This is because of the leadtime required to acquire 
the vehicles and the payloads themselves. 

(The chart is as follows :) 


Tentative vehicle schedule 














| 1959 | 1960 1961 

j | 

| — r 8 - aie 
Satellites __....... eaihihiihice cotinine catecaiig niierg eb oration aah 6 8 | 3 
I ccnaanhik ened ueiniiennawbnbhouwess gtonbdenen cue 1 2 | 2 
eee ids aaihindinotmbiitiee pdidikeieabnt ieathikiede 1} 4 | L’ 
I tdinnccibtediaatiempan acecwe Ricapataein eave pep taeleed 1 | 1 | 2 
cain de tech ahem eee cane ee anil 1 | 1 | 3 
EDs ocienencakoomione bsdtatedundebawvuswenateksoude | 1 | 4) 5 


|. 


Senator Stennis. So your reduction on the deep-space probes from 
$17 million plus to $6 million plus is your difference there? 

Mr. Wyarrt. It reflects a ced, in bookkeeping in that in 1959 
we include the cost of the vehicles. In 1960, the vehicles are special 
vehicles and not included in this item. 

Senator Stennis. Are there other questions on that group? 

Dr. Grennan. Mr. Chairman, at the end of this session if we could 
go into executive session we would like to show you the more detailed 
situation. 

Senator Srennis. All right, Dr. Glennan. 


SATELLITE APPLICATIONS INVESTIGATIONS 


Dr. GrenNAN. Our next general category is “Satellite applications 
investigations.” Meteorology is $10,800,000; communications, 
$4,700,000, and at this point if we could put into the record pages 250 
through 255 of the justification book, Mr. Chairman, and cite from 
your earlier subcommittee report pages 228 to 244, and pages 251 to 265. 

Senator Stennis. All right, Mr. Reporter, put them in. 

(Pp. 250 through 255, justifications for “Satellite applications in- 
vestigations,” are as follows:) 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


Fiscal Year 1960 Estimates 
Meteorology : 
SN a $2, 500, 000 
ee ee i aiiiasidemninnnatnnsticidsienieaninttnhicbenminlpit hectic teed 10, 800, 000 
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1. OBJECTIVES 


To establish a meteorological satellite capability which would make possible 
within the next decade a fully operational system having worldwide coverage. 
To develop for this system stabilized satellites for polar orbits of 500- to 1,000-mile 
altitude and “stationary” satellites for equatorial orbits of 22,000-mile altitude. 
To develop suitable radiation-detection equipment, including television, infrared 
detectors, and radar to measure such things as cloud cover, storm location, precip- 
itation, temperature, wind direction, heat balance, and water vapor. To develop 
data-transmission techniques for continuously feeding information into a national 
weather center managed by the U.S. Weather Bureau. The large amounts of 
data will probably require satellite-to-satellite transmisison and special comput- 
ing-machine techniques on the ground. A worldwide tracking and telemetering 
network will be required. 

2. JUSTIFICATION 


The earth satellite represents a new observational tool which promises to be of 
great value to the science and the practice of meteorology. Although it would 
be a mistake to imply that such a device will eliminate our meteorological limi- 
tations, there is no doubt that it will supply a tremendous amount of useful 
meteorological data not now obtainable. It will do this not only because of its 
ability to give worldwide coverage of some meteorological parameters, in con- 
trast to the current 5 to 10 percent coverage, but also because of its unique van- 
tage point above the atmosphere which will make new measurements possible. 
Improvements in basic scientific understanding, climatology, forecasting, and 
weather-control techniques should result. 

The benefits to be derived from improved capacity in meteorology include con- 
venience in planning personal activities; protection of life and property from 
weather disasters ; safeguarding transportation ; crop planning, control, and pro- 
tection ; industrial planning of weather-dependent products, outdoor enterprises, 
and heating and cooling loads; eventual limited weather control; and good will in 
return for providing these services to less fortunate people. In addition, the 
same meteorological data required for worldwide civilian needs can, by proper 
handling, be made to meet special military needs as well. 


3. PROGRAM PHASING 


Items to be purchased with the fiscal year 1959 funds which will initiate the 
program include (@) radiation detection equipment and associated ground equip- 
ment for a meteorological satellite (Tiros) to be launched before the end of 
1959 and in the spring of 1960; (b) tracking, telemetering, data-processing and 
data-analysis equipment and services for these satellites; and (c) development 
of equipment for a series of stabilized follow-on meteorological satellites. 

The fiscal year 1960 funds are designed to carry on this program at an accel- 
erated rate. Some funds will be required for operational services related to the 
second Tiros launch. The majority of the funds will be required to complete 
item (c) preparatory to two launchings in 1961. 


4. Program costs 


| 


| 7? er | rik yee 
aceite Rite ail 


Scientific and technical studies; 


Research and development on advanced instrumentation.-.............. $1, 100, 000 $1, 000, 000 
RN NII xi sicscasisesinen Gckiihcaesiin abel ianicnattcnnansaia Aint eacalineatnioanipne, attained } 200, 000 
Prototypes and operational hardware: Meteorological satellite development 
i tiidicccnssonsnacinancevecdennmanenecuitnasidadagentdvwnke 850, 000 6, 300, 000 
Operations and technical services: Data acquisition, reduction, and analysis. 200, 000 2, 500, 000 
Supplies, equipment, repairs, and alterations. -.-.....................-....-.-- 200, 000 800, 000 
NEE Seth ins S cia nivaninaddbsidcuinmbesenddnaddadocsinnabpaaniaieend 2, 500, 000 10, 800, 000 
Communications : 
ee $3, 460, 000 


EE NE Cie esceececn cence cers ene ebiinisnadineen aan einen 4, 700, 000 
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1. OBJECTIVES 


To develop communication satellites and operating techniques suitable for use 
in a worldwide communications system; such satellites would be intended as 
relay stations for ground-to-ground, ground-to-satellite, and satellite-to-ground 
transmissions of messages, data, voice, and television. 

To conduct research and development in the following areas in support of this 
program: (a) Passive relays which reflect radio waves omnidirectionally, as 
with a sphere, or directionally, as with a corner reflector which must be aimed; 
(b) active relays which repeat messages immediately or at some delayed time; 
(c) high-power directional antennas for ground and satellite installation; (d) 
sensitive “low noise” receivers; (e) stabilizing and aiming devices; (f) light- 
weight power supplies; (g) “stationary” satellites in equatorial orbit; (h) 
propagation of electromagnetic radiation; and (i) world communication needs 
studies. 

2. JUSTIFICATION 


Long-range communications in the form of telephone, telegraph, and television 
networks are now accomplished by means of landlines, cables, longwave and 
shortwave radio, and microwave relay stations. The total bandwidth of land- 
lines, cables, and low-frequency radio is limited. Shortwave-radio bands are 
crowded and are unreliable because of atmosphere interference and ionospheric 
irregularity. Ultra-short-wave and microwave radio is usually limited to line- 
of-sight range; long-distance communications at these frequencies is commonly 
achieved by means of repeater stations. 

Satellites offer the possibility of worldwide communications by ultra-short- 
wave or microwave radio because the line-of-sight range at satellite altitudes 
is very large. The bandwidth or channel capabilities at these wavelengths is 
sufficient for television and most other foreseeable communications needs. 


3. PROGRAM PHASING 


In the fiscal year 1959, NASA efforts on communication satellites are being 
directed toward preliminary experiments with a spherical-reflector satellite. 
A 100-foot-diameter sphere will be placed in orbit in the winter of 1959 and 
various experiments on tracking and on propagation of radio waves will be 
conducted. In addition, studies of more sophisticated satellites, world com- 
munications needs, and the accompanying ground equipment are being initiated. 
In 1960 and 1961, three additional large spheres will be launched as well as one 
repeater-type communications satellite. 

The major item of expense in the fiscal year 1959 is completion of the first 
100-foot-sphere experiment. The program will be expanded during the fiscal 
year 1960 to include the additional sphere experiments as well as development of 
an active repeater payload suited to commercial television and data-relay needs. 
Support for development of stabilization systems and a 22,000-mile orbit 
eapability is included. 

4. Program costs 





Fiscal year Fiscal year 














1959 1960 

e a | 

Scientific and technical studies: | 
I a th ac ele eel te eienia Nc Sale aaa aaa $200, 000 
I i ee eee ani duvio tenn cake aes Rigty, heldates ol 700, 000 
Passive reflector._............... ninacaim ada webbie Seabiseite. tia tee $160, 000 | 200, 000 
a Oa tee mealies eet thsi hinidcimasecowund eageaaaa ae 200, 000 
I OIG, es re oh dihbork ddan Bib WeetdtncsabedeesRnendtclddiie dent eeadenas | 200, 000 
Prototypes and operational hardware: Payloads-- 3, 150, 000 | 1, 100, 000 
Operation and technical services: Data acquisition, reduction, and analysis---- 100, 000 | 1, 500, 000 
Supplies, equipment, repairs, and alterations.......................-..--..-- 50, 000 | 600, 000 
I ale is in nth tad sal Ridinaaieane 3, 460, 000 4, 700, 000 

} 
Dr. GLenNAN. You had, in the earlier discussions, a pretty thor- 


ough description of what we planned to do in these particular fields. 
These are the fields where we believe we can move toward operational 
systems within the next several years. 
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The communications program can be developed, which will prob- 
ably interest commercial companies and where the meteorological 
satellite will provide, both to the military and to ourselves, substantial 
progress in better weather forecasting. 

Senator Stennis. May I interrupt you for a question ? 

Dr. GLENNAN. Yes, Mr. Chairman. 

Senator Srennis. Take weather forecasting. Do you think that 
will be practical—will it tie into, for instance, forecasting for crops, 
agricultural forecasting, and then on the other hand, to commercial 
aviation? I know we covered that some before, but I think you can 
touch on that lightly now, if you will. 

Dr. GLENNAN. We certainly believe that it will be possible to im- 
prove the quality and accuracy of weather forecasting. The extent 
to which this can be done, that is the length of time, the time period 
over which this can be done, be it a week or month, is yet to be 
determined because we know so little, really, about the formation of 
weather in many, many parts of the world. I think that somewhere 
between 10 and 20 percent of the world’s surface presently is covered 
by some kind of weather-formation-gathering equipment. 

It seems clear to us that the ability to find out what is forming up 
will allow us to forecast weeks in advance and as our friends in the 
Weather Bureau said to us, that if this can be done and we can im- 
prove the accuracy by 10 percent, this will prove a very great benefit, 
not only to the United States, but to the world in general. This, I 
think, is a system which we just cannot afford to go after without 
real vigor, Mr. Chairman. 

Senator Stennis. The commercial companies are following the pos- 
sible applications of communications satellites very closely, I imagine, 
aren’t they ¢ 

Dr. GLENNAN. Yes, they are, sir. 

Senator Stennis. And have some of them their own experiments? 
Are they getting into that field themselves? 

Dr. GLENNAN. Yes; we have under negotiation at the present time 
a contract for cooperation with at least one of the large commercial 
companies in the communications field, and they are spending their 
own money, sir. 

Senator Stennis. That’s the American Telephone & Telegraph Co. ? 

Dr. GLenNAN. Yes, sir. Invitations, by the way, are being given 
to other companies in the field to join with us on this, as well. 


SPACE OPERATIONS TECHNOLOGY 


Dr. GLENNAN. The next major category is “Space operations tech- 
nology,” principally taken up, of course, with “Manned space flight” 
for a total of $70 million for 1960, with a small amount of $3 million 
for “Space rendezvous techniques.” Here again, I would ask to be 
placed in the record pages 256 through 261 of the justification book 
and one can cite the pages in your committee document, 333 to 389. 

(Pp. 256 through 261, justification for space operations technology, 
are as follows:) 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


Fiscal year 1960 estimates 
Manned space flight: 
DOP UU Oe cS th Fg ed $37, 661, 200 
eee). Fenr TOGH WUpIeeMNeNIO | oo ie 20, 750, 000 
NR IE Fee iiaiciecisesstertssihasisedeiiscignianiicnsta einai 70, 000, 000 
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1. OBJECTIVES 


To provide a capability for accomplishing advanced space flight missions 
with vehicles where onboard human intelligence and operations are required. 
It will be a basic objective of the NASA to rationalize and refine the technology 
of manned space flight vehicles and associated systems, to achieve successful 
orbital flight and recovery of a manned satellite with an ICBM-booster and 
drag-reentry system, to evaluate the physiological and psychological effects of 
a space environment on man, to establish his capabilities and limitations for 
performing useful missions in space, and to devise and develop improved 
manned vehicles with increased capabilities for performing important advanced 
missions. 

2. JUSTIFICATION 


It is becoming increasingly evident that full exploitation of the potentialities 
of space flight for benefiting mankind will be dependent on the development of 
practical capabilities for operating manned space vehicles. While it may ap- 
pear in principle that suitable instrumentation may be devised to perform in- 
creasingly complex space missions, in practice the availability in a vehicle of 
human intelligence and operational capabilities will prove to be the most effec- 
tive method for successful accomplishment of many advanced space flight 
missions. In particular, he can contribute to the tasks of space exploration 
and utilization an observational, analytical, and decision making ability con- 
cerning both expected and unanticipated problems, and a vast flexibility of ac- 
tion for operation, correction, and maintenance of scientific and technological 
instrumentation and equipment that characterize his present usefulness in air- 
planes and the scientific laboratory. 

In order to provide this capability a progressive program of research and 
development has been undertaken. A broad range of investigations directed to, 
the solution of basic technological problems concerning vehicular configurations 
and construction, human factors, life support equipment and accommodations, 
launching systems, stabilization and control, reentry and recovery systems and 
techniques, operational and scientific instrumentation, and other vehicular sub- 
systems has been initiated. 

On the basis of extensive studies it has become evident that the first manned 
orbiting flight vehicle should be based on the use of an ICBM-booster launching 
system and the ballistic type of drag reentry into the atmosphere. The relative 
simplicity and reliability of this approach at the present state-of-the-art offers 
the best potentiality for early success and will yield a vehicle with a wide range 
of usefulness for investigating problems concerning both human and vehicular 
operation factors. This vehicle is also a logical steppingstone to larger systems 
of the same type with greater capacity for performing both scientific, civil and 
military services. In addition, it is adaptable to the investigation of both re- 
action-type space-path control and aerodynamic-lifting systems that will give 
later manned space vehicles a greatly increased scope of operations. 


3. PROGRAM PHASING 


During the fiscal year 1959, a wide range of studies and experimental in- 
vestigations is being initiated to assess the problems that will be encountered 
in initial development and operation of manned space flight vehicles and to 
establish the design requirements for the first operational vehicle. A contract 
for the design and construction of the full-scale manned capsule and associated 
instrumentation and equipment should be let early in 1959 and the initial cap- 
sule for preliminary investigations should become available approximately 9 
months later. 

Booster systems including solid-rocket clusters and liquid systems up to the 
ICBM size are being procured to provide for a progressive series of unmanned 
flights at increasing velocities up to orbital speed to refine both the vehicular 
systems and operational techniques to insure the safety of later manned 
operations. 

Some of these preliminary flights will also utilize lower primates to assess a 
range of physiological and psychological factors that will be attendant to 
manned operation. Concurrently an intensive program of pilot training in- 
volving centrifuge, pressure chamber, simulator and balloon experiments will 
be undertaken. 
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Further extensions of these programs are planned for the fiscal year 1960. 
During this period it is expected that the first orbital flights of the unmanned 
full-scale capsules will be achieved and effective techniques developed for the 
reentry and recovery phases of the operation. If the systems and techniques 
prove successful, some preliminary flights at suborbital speeds with the manned 
capsule may be undertaken. Additional vehicle capsules and boosters and 
associated equipment will be procured for the continuing manned flight 
experiments in the following year. 

During the fiscal year 1960 it is also planned to undertake the development and 
construction of more refined versions of the vehicle that will offer greater capa- 
bilities for performing scientific investigations in space and for providing space 
path control. A range of analytical studies and model experiments will be 
undertaken to define the optimum approach to these problems and establish the 
basic design requirements. Initial development of appropriate vehicles should 
be undertaken. 

The major items to be procured for this project are the satellite capsules. A 
total of 12 capsules will be delivered during the fiscal year 1960; fiscal year 1959 
funds will be used for the design, engineering and early construction phases of 
these satellites. Boosters for short-range test and qualification flights will also 
be purchased during the fiscal year 1959 and funds will be committed for the 
ICBM-boosters required for the first orbital flights. The boosters for the 
manned orbital flights will be purchased in the fiscal year 1960. 


4. Program costs 











| Fiscal year | Fiscal year | Fiscal year 
} 1959 1959 sup- | 1960 
| plemental 
} | 
a 
Scientific and technical studies: | 
RUINED TNO hin aicintig 6 Schinplddanhnq ie gpencktenegSékc ches | 9000, 000 |. .-225205458-0 [ dadewsteancne 
Range and recovery_..-....--- a a a a a  Eadatesaanena $300, 000 
Design studies of advanced systems_-._.-.- cuadubdcidusubipbubseciias eh aubiied D kbkeauenkode 1, 000, 000 
Prototypes and operational hardware: | 
NS oR pce ne ek EN Rae cate ndasb nto abate 11, 500,000 | $4,000, 000 22, 000, 000 
Pik « akciitatnwddd cabtunthidenon scchonbeiiiensstoeee 21, 861, 200 16, 000, 000 27, 700, 000 
Operations and technical services: | 
rome: Wes cS od es et is bi 0, 2G en 9, 500, 000 
I i id i he ai nics wg eegrinoeneeeobanes kt ee ee | 3, 000, 000 
PUR aint esta sek nth kolo as clickaweceenetaccs begheceddasiees Fila oktdocees! 500, 000 
Supplies, equipment, repairs, and alterations: 
Large scale and wind tunnel models... .-.---......------- | GEE feénccunecehate 3, 400, 000 
Environmental and functional test equipment for capsules | | 
I Oe a in cenewanidnbbistoadencun SIERO Noenae even cies 1, 000, 000 
Data acquisition and handling equipment--_--.---..-...-- 300, 000 | 200, 000 300, 
Simulators and personnel equipment for human factor 
research and personnel training... .................--.--- 150, 000 500, 000 500, 000 
al eier GG oie as 550, 000 | 50, 000 800, 000 
WU 8 cs td | 37,661,200 | 20,750,000 | 70, 000, 000 
{ | 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
Fiscal year 1960 estimates 
Space rendezvous techniques: 
PIRORE FONE  Peieiecnca ieee ch 20 i ZA 0 
SAE Fics isis head cick hi cs en csitgberit atin de bot $3, 000, 000 


1. OBJECTIVES 


To determine system requirements and to develop system components necessary 
for the accomplishment of contract rendezvous between satellites or space 
vehicles. 

2. JUSTIFICATION 


For the conduct of advanced space flight investigations it will be necessary to 
provide vehicles with a capability for attaining or changing precision orbits or 
trajectories, and for executing controlled rendezvous in space. Such flight opera- 
tions are fundamental, for example, to the operation of fixed-altitude and 
stationary satellites, to the construction of complex vehicles in space, and to the 





722 NASA AUTHORIZATION FOR FISCAL YEAR 1960 


transfer of personnel and materials in the operation of orbiting space labora- 
tories. The development of such operational capabilities is a basic objective of 
the NASA space vehicle development program. 


3. PROGRAM PHASING 


During the fiscal year 1960, it is planned to undertake basic studies to establish 
effective methods for providing the various required types of vehicular space 
path control. Preliminary investigations will aslo be undertaken to devise 
practical components, including referencing, target acquisition, director, pro- 
pulsion, and control systems associated with such operations. It is expected that 
the state-of-the-art will also permit the initial design and development of 
vehicular subsystems necessary for the more elementary maneuvers involved in, 
for example, the circularization of an elliptical satellite orbit. 


. Program costs 





Fiscal year Fiseal year 
1959 


Scientific and technical studies: 
Study of space maneuver techniques 
Preliminary investigation of referencing, target acquisition, director, | 
propulsion, and control system components. ..-. | , 000 
Prototypes and operational hardware: Design, development and construc- 
tion of satellite orbit control systems- . ne , 000 
Supplies, equipment, repairs, and alterations: Components, materials, and 
simulation equipment required for space path contro] experiments : , 000 


, 000 





Dr. Guennan. I had the privilege, Mr. Chairman, of visiting our 
headquarters for manned space flight at Langley Research Center 
earlier this week. We spent a full day there reviewing the program. 
It is really an exciting program and I think it is going very well, 
indeed. The amount of money here seems large, and yet, to get on 
with this with as much vigor as we can, this is one of the highest 
priority programs in Government at the present time, and in that light, 
it is not too large. 

Senator Stennis. Yes. 

Dr. GLENNAN. The number of flights that will be required, there are 
some 25 I believe, which are test flights that will be required over the 
course of the next 19 months in order that we can check out equipment 
and techniques in some of those flights. It is possible in the ballistic 
flights, that we would be using these as training flights for some of our 
astronauts. 

Senator Stennis. I remember that you frankly told us in the be- 
ginning of the year that this was going to cost around $200 million. 

Dr. GLENNAN. We think this is right, sir. 

Senator Stennis. We commended you then for being frank with us 
about it. 

By the way, I might remark, Dr. Glennan and members of the 
committee, that I introduced Dr. von Braun to a group of 6,000 people 
last Thursday at Cleveland, Miss., at the annual festival day at the 
Delta State College. He spoke for 55 minutes on potential rockets, 
and he covered the possibilities in this field. It shows how interested 
people are in this subject. 

Dr. GLENNAN. Yes. 

Senator Srennis. That is my main point. They sat there for 55 
minutes, giving him rapt attention. He had little spice in it, but 
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’ the same time it was pretty heady. They followed every line and 

I did, too, even though I had heard all those points before. But I 
must say it is capturing the imagination of the people. 

Dr. Guennan. Dr. von Braun is one of our most imaginative scien- 
tists as well as one of our most conservative engineers. 

Dr. Drypen. And, of course, he has an important segment in this 
program. 

Senator Stennis. Yes, I know. Then it was dramatic, you know, 
that he was on the side of the Germans in World War II. I pointed 
that out in introducing him. 

Well, I thought you folks might be interested in that, in the public 
interest that has been taken. 


SPACE PROPULSION TECHNOLOGY 


Dr. GLENNAN. The next item is “Space propulsion technology.” 

Senator Stennis. Excuse me, but were there any questions on Proj- 
ect Mercury? I think we covered that so well previously. 

Allright, Doctor, proceed. 

Dr. GLENNAN. This “Sp: wce propulsion technology” category we are 
attempting to push forward the state of art and the development of 
new propellants, new vehicular systems, or the basic material out of 
which those systems will grow. 

You will find that we are proposing to spend about $3 million on 
solid propellent rockets, $5 million on high-energy propellant rockets, 
using high-energy fuels, liquid fuels. i the very large 1- to 114- 
million- pound thrust single-chamber engine we are scheduled to spend 
about $30 million on that. In the support of the AEC’s program on 
the nuclear rockets, particularly the Rover program, we provide sup- 
port there for the nonnuclear parts of that effort at a total of $8 
million. 

Space engines and auxiliary power units, each are at $3 million. 
The space engine studies are really for new methods of utilizing 
energy in space and the auxiliary power units, the devices which will 
provide power on a satellite platform in space or in a deep space probe 
over a long period of time. 

Senator So TENNIS. Mention the reasons for your increase, please, 
Doctor, and also, what are you doing and what is the military doing 
on this same important matter, and what is the interrelationship 
between their programs and yours? 

Dr. GLeNNAN. Could I ask Dr. Dryden to pick that up? 

Senator STENNIs. Yes. 

Dr. Drypven. In the first place, I believe we presented to you or 
mentioned to you at the hearing on the supplemental that the Ad- 

vanced Research Projects Agency and ours had formulated a national 
booster program trying to Tay out what rockets both of us need to 
carry on missions for the future. 

It turned out that there were required, as I recall, the five new major 
developments of which the 1-million- and the 114-million-pound 
thrust engine is one, and in another is a program in the Defense 
Department budget being carried on by Dr. von Braun, known as 
Saturn which is a cluster of a number of existing engines. 

39621—59—pt. 2—4 
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There were some smaller ones, such as the engines for Centaur 
which we are going to discuss later. I think I will not discuss the 
whole Centaur program. The engines for Centaur this year are 
financed by the Defense Department. The whole Centaur project is 
financed in our budget under another item we will discuss. There are 
mentioned, I think, three of the engines or two more—one a smaller 
engine and carrying the propellants, and then the 6,000-pound engine. 

There is a program of building blocks of engines which you put 
together in two stages, three stages, four stages, for particular mis- 
sions, but made up with only five new engine developments and this 
program is designed to satisfy the requirements of both the Depart- 
ment of Defense and NASA, and that the division of financing at 
the moment is that in 1960 all of them are in NASA except the 
Saturn project which is being carried on by the Defense Department. 

Now, let’s see—I think we should put into the record these pages 
262 through 276 of the justification book. The discussion in the com- 
mittee report of our eralier hearing are a little scattered on the 
114-million-pound engine, but pages 106 to 117; nuclear rocket engines 
80 to 83; space engines, 48 to 54, auxiliary power units, pages 36 to 
54, and 63 to 66. 

(Pp. 262 through 276, justification for space propulsion technology, 
are as follows:) 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


Fiscal year 1960 estimates 


Solid fuel rockets: 


MOONE IEE Fn dh See OU i ei ba $700, 000 
Fiscal year 1960 


a a a a a a a eww 


1. OBJECTIVES 


To improve the utility and versatility of solid propellent rockets by (1) de 
veloping improved burning grain configurations; (2) devising methods for thrust 
vectoring; (3) devising methods for thrust modulation and thrust termination ; 
and (4) reducing the weight of inert parts. 


2. JUSTIFICATION 


As compared to liquid propellent rockets, solid propellent rockets have several 
inherent advantages. They are storable, reliable, utilize simple operating prin- 
ciples, are generally transportable in a loaded condition, and offer advantages of 
simple firing techniques for relatively untrained launching crews. Their general 
characteristics and the ability to manufacture them readily in different sizes 
makes them attractive for such uses as upper stage boosters, retrorockets, and 
guidance-correction rockets for space systems. 

The utility of solid propellent rockets is limited by a present inability to 
control thrust during burning, to terminate thrust precisely with a fraction of 
the charge unburned, to re-ignite after initial burning and to obtain simple thrust 
directional control. The proposed program will aim at an improvement of each 
of these deficiencies. In addition, research and development efforts will be aimed 
at the reduction of the weights of cases, nozzles, throat inserts, and other inert 
parts, thereby improving the overall efficiency of the solid propellent rocket. 


8. PROGRAM PHASING 


Studies of the problems and requirements of retrorockets will be initiated in 
1959 and continued in 1960. Studies of improved propellent combinations will 
be initiated in 1960. Prototype rockets having improved construction techniques 
(lighter weights) will be developed in this time period. Advanced thrust 


modulating and thrust vectoring systems on small-scale rockets will be started 
in 1960. 
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4. Program costs 






Scientific and technical studies: 










Senne Gr WUE CII. oo akc casino daeicecdesSdsentivawdsonnl $100, 000 $200, 000 
Oe Os CD SOE oa os oo citi din wcnnicaiinaiedinbe Rdeaenbnkeeoued 600, 
Prototypes and operational hardware: 
SEE PIE SINS oo odo inencnonuenedaeernensneieaenscauqreme 400, 009 1, 000, 000 
Advanced thrust modulating and thrust vectoring systems. _.........-..}......-------- 800, 000 
Supplies, equipment, repairs, and alterations: Components and materials | 
TE EET 200, 000 400, 000 
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High-energy propellant rockets: 






Pie wee. Se ee ee Se a eel hal Je $7, 000, 000 
Peel 'FGGP TOGO wl ee a Le eae oe 5 











1, OBJECTIVES 









To conduct basic investigations of high-energy fuels; to develop medium-size 
rocket vehicles using these fuels; and to initiate design studies leading to large 
high-energy rocket vehicles. 






2, JUSTIFICATION 










Fuels of relatively low energy were used in early rockets, both liquid and 
solid. The present generation of large rockets uses liquid fuels of moderately 
high chemical energy such as liquid oxygen and kerosene. A newer class of 
fuels, of significantly higher energy, has been tested for several years in small, 
experimental rockets. The most promising of these new fuel components are 
hydrogen, fluorine, and hydrazine. Through the use of these newer fuels it 
will be possible to ‘substantially increase the payload carrying capacity of the 
present generation of large rockets. For example, a two-stage rocket that 
uses oxygen and kerosene as fuels can put 4,000 pounds in orbit around the 
earth and can send 750 pounds to Mars. By using hydrogen in place of kerosene 
in the upper stages only, the payload capability can be increased to 8,000 pounds 
for the earth satellite and 1,500 pounds for the Mars probe for the same launch 
weight. 

Sufficient experience with the new high-energy fuels has now been obtained to 
proceed with the development of large engines intended for use in rocket vehicles. 
Preliminary design of the vehicles will proceed concurrently with the engine 
development so that a useful product will result. 
















3. PROGRAM PHASING 





Since the oxygen-hydrogen combination is currently considered the most 
promising high-energy fuel combination for practical use, the development effort 
using these fuels has been initiated. Strong support is required to maintain a 
reasonable development schedule on this urgently needed rocket powerplant. 
The development of a final stage using storable propellants (nitrogen-tetroxide 
and hydrazine) is to start in 1959. As experimental investigation of the fluo- 
rine-hydrogen combination is being continued. Finally, design studies and experi- 
ments leading to a hydrogen-oxygen engine of 50,000 to 100,000 pounds thrust 
will be continued. 









4. Program costs 












Fiscal year | Fiscal year 
1959 1960 









Scientific and technical studies: 






Experimental investigation of fluorine and hydrogen as fuels-_.......----- $1, 000, 000 $1, 700, 000 
Design studies and experiments leading to a hydrogen-oxygen engine of 
GOED UR: ROU e OTITIS GOING NOWOE Ro occ n cc ccccccancncnccdosancuass 1, 000, 000 1, 700, 000 





Prototypes and operational hardware: 
Development of an upper stage rocket using oxygen and hydrogen as fuels_ eee 
Development of an upper stage rocket vehicle using nitrogen-tetroxide 

On 2 ciel eas aleanpcasnane ana 3, 000, 000 1, 600, 000 
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1,000,000-pound-thrust single-chamber engine: 


Penn SRE BOBO re ec ccgeenccamtewenuaencomeunek $10, 000, 000 
I a 30, 200, 000 


1. OBJECTIVES 


To provide a capability for launching very large payloads by developing a 
million-pound-thrust single-chamber rocket engine for use in a booster-rocket 
system. The higher thrusts required for even more advanced space missions 
will be attained by «.ustering several of these rocket engines. 


2. JUSTIFICATION 


For missions aimed at boosting large manned vehicles into orbits around the 
earth and for missions aimed at delivering large instrumented payloads to the 
planets, rocket systems having thrust levels significantly greater than the capa- 
bility of present ICBM boosters are required. Systems based on current ICBM’s 
with high-impulse-propellent upper stages will be able to deliver approxi- 
mately 8,000 pounds into an earth orbit and approximately 1,500 pounds in a 
planetary probe. A million-pound rocket first stage with a current ICBM as 
the second stage and a high-energy-propellent third stage would deliver ap- 
proximately 15 tons into an earth orbit and 5 tons on various interplanetary 
missions, Such payloads will be required for advanced manned vehicles orbit- 
ing around the earth. A booster of the proposed magnitude is also required 
for instrumented payloads which will be landed on the near planets to explore 
and investigate the nature of these planets in detail. For missions aimed at 
manned flight to various interplanetary objectives, significantly higher thrust 
levels will be required. These will be attainable by clustering the million- 
pound-thrust motors to produce a 5- to 6-million-pound total thrust. 


3. PROGRAM PHASING 


Fiscal year 1959 funds will be used to support component research and design 
analyses for high thrust rockets. During the fiscal year 1959, a contract will 
be let for the design, fabrication, and development of the million-pound-thrust 
rocket. Fabrication of components will be started and will be continued into 
the fiscal year 1960. The engine is to be completed within 4 years. 


4. Program costs 





Fiscal year Fiscal year 








1959 1960 
Prototypes and operational hardware: Design, fabrication, and development 
of the million-pound-thrust rocket; fabrication of components__....-...---- | $10, 000, 000 $30, 200, 000 
Nuclear rocket engines : 
EE TOE OE eT eee $4, 500, 000 
IN i a al ceca a cs ois sigs setbgemisac 8, 000, 000 


1. OBJECTIVES 


To develop the nuclear-powered systems that must be used to deliver large pay- 
loads to various space objectives. More specifically the objectives are to con- 
duct investigations of reactors suitable for application to nuclear rockets, to de- 
velop turbopumps and associated propellant feed equipment, to develop methods 
of cooling parts that are heated by nuclear as well as by thermal radiation, to 
develop lightweight shield configurations to protect sensitive equipment and 
personnel from nuclear radiation, to develop methods of controlling the reactor 
system, and to investigate other problems associated with operation of nuclear 
systems. 
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2. JUSTIFICATION 


There are two principal types of nuclear power systems applicable to propul- 
sion devices. The first is the heat-transfer rocket in which a low-molecular- 
weight gas is heated to high temperature in the nuclear reactor. This high- 


temperature gas is then expanded through a jet nozzle producing thrust. The 
second system is one in which the heat generated in the nuclear reactor is con- 
verted to electrical energy by some thermal-conversion system. The electrical 
energy may then be used in a wide variety of ways to produce thrust. For in- 
stance, it may be used to accelerate ions to high velocity or it may be used to 
heat and accelerate a plasma out through a jet nozzle. The first type of nuclear 
system will be referred to as the nuclear heat-transfer rocket ; the second system 
will be referred to as the nuclear eleetric rocket. 

Nuclear heat-transfer rocket.—Because of the low molecular weight of the gas 
discharged from the jet nozzle and the high temperature of the gas, the nuclear 
heat-transfer rocket is capable of achieving specific impulses in the range of 700 
to 1,000 seconds as compared with a maximum of about 400 seconds for the high- 
impulse chemical rockets. These high impulses gives the nuclear rocket the 
potential of being able to deliver high payloads into an orbit around the earth 
with a single-stage rocket. For example, it would be expected that a payload of 
30,000 pounds could be boosted into an earth orbit with a single-stage nuclear 
rocket having a takeoff gross weight of about 250,000 pounds. Using chemical 
rockets to do this same job would require a three-stage vehicle weighing about 
a million pounds. 

These high impulses of the nuclear heat-transfer-rocket systems also offer the 
potential of delivering large payloads to various interplanetary objectives when 
this nuclear rocket is used as an upper-stage rocket. For instance, with a takeoff 
gross weight of 1 million pounds, a payload of 6,500 pounds could be delivered to 
a Mars orbit with a four-stage chemical rocket. Using the first two stages of 
this chemical system and adding a nuclear third stage (still giving a gross weight 
of 1 million pounds) makes it possible to deliver 28,000 pounds into a Mars orbit. 
In addition, these high impulses permit the use of low-power-reactor systems 
to carry large payloads from an earth orbit to various interplanetary objectives 
in nuclear space-heat-transfer rockets. 

Nuclear electric rocket—The nuclear electric rocket will develop extremely 
high impulse because of the high velocities to which the discharge particles are 
accelerated. However, the thrust generated will be significantly less than the 
weight of the system required to generate the electricity so that electrical sys- 
tems cannot be used to boost a payload from the earth. It is well suited, how- 
ever, to propelling a vehicle out in space where the thrust is sufficient to permit 
the vehicle to leave an established earth orbit and travel to interplanetary ob- 
jectives. For the advanced space missions in which human crews may travel to 
distant objectives for exploration or other purposes, the nuclear electric rocket 
is one of the promising propulsion systems. 

Because of the NASA mission to develop vehicles capable of carrying the 
equipment, supplies, and men that may be needed to explore space, it is neces- 
sary that the potential of the nuclear-rocket systems be thoroughly evaluated 
and developed. Because the major obstacles in the way of the development of 
these rocket systems lie in the reactor, it is necessary that studies aimed at the 
earliest possible development of high-temperature, lightweight reactors be made. 
Along with this reactor work, studies must proceed on the other components of 
the system so that these other components will not delay the final full-scale 
system tests. 

3. PROGRAM PHASING 


The program for the fiscal year 1960 is divided into three principal parts 
in terms of the application of the nuclear power system: (1) Continued support 
of the Rover program aimed at the development of high-power reactors for earth- 
satellite booster application; (2) studies of nuclear systems for application to 
upper-stage or space-heat-transfer rockets; and (3) studies of nuclear power 
generating system for early application in electrical propulsion systems. In the 
Rover program, the NASA will continue to support development of the non- 
nuclear components. For the upper-stage heat-transfer and electric rockets, 
system-design studies will be made and component fabrication and performance 
evaluation will be started. 
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4. Program costs 


Fiscal year | Fiscal year 
1959 1960 


Scientific and technical studies: 


I iain til biaidn dattacimastibababbnethiandietinetntban $1, 000, 000 $1, 500, 000 
Nuclear electric power ~— PP IIR. onckd aedcdedccccicicdiehkciacchd.sGns 500, 000 
Prototypes and operational hardware 
Rover project (reactor tests) - -.--. a ica ini Eaten eebabhas eae 2, 300, 000 1, 500, 000 
ey Ite ork, bed. 2s btnee dnt dacda de tbenbencccuducsece 1, 000, 000 2, 500, 000 
Nuclear electric power generation for propulsion. --...............---.---|.----..--.---- 1, 500, 000 
Operations and technical studies: Space nuclear rockets. --.................--|.--.---------- 200, 000 
— equipment, repairs, and alterations: 
hth cat iciccndntonksiaeusscuedenadudcieicbbedbasanteesions 200,000 |.....-. iia 
ID USNR ca tinicncnsccicenckminnandbutdineusthpasbteanctatinlckntab Gabe 300, 000 
Sai nsisks axanisgethamiactanesiainian sien aleanaanaasieadictaiehbdtaintabaiakalidignneiiibch cea 4, 500, 000 8, 000, 000 


Space engines: 
UN a $300, 000 
I desist 3, 000, 000 


1. OBJECTIVES 


To carry out analytical and experimental investigations of space propulsion 
systems for journeys originating from orbit about the earth. 


2. JUSTIFICATION 


The possible engines for space propulsion vary from the lightweight but low- 
efficiency types, such as existing chemical rockets that consume a large amount 
of propellant, to propose types that are very efficient and consume only a small 
amount of propellant but are also very heavy. For journeys that require very 
high energies, such as interplanetary flights, the chemical rocket becomes pro- 
hibitively heavy. Journeys of this type will require the use of the more efficient 
space propulsion engines. These engines will, in general, consist of an energy 
source, conversion equipment, and an accelerator. The energy source may be 
nuclear, solar, chemical, or other. The nuclear energy sources are discussed 
under the program entitled “Nuclear Rocket Engines.” The space-engines pro- 
gram will be directed at obtaining a high reliability in the conversion equipment 
and accelerator components and at reducing engine-hardware weight so that 
either the payload may be increased or higher thrust engines may be used to 
reduce trip times. 

Basic research must be conducted on advanced space engines in order to ex- 
plore the possibilities of all types, and development work must be started on 
systems now considered the most feasible in order to reduce their weight. The 
possibility of direct conversion of nuclear energy to produce a high-veléeity jet 
also exists so that research work must be continued in this field. 


3. PROGRAM PHASING 


Funds for the fiscal year 1959 will provide for both analytical and experi- 
mental studies to determine the capabilities and operating limits of the compo- 
nents of the systems and an evaluation of the overall system to determine the 
most feasible type for development. Corrosion and mass transfer, for example, 
will determine the temperature limits to which the engine can be operated. 

Funds for the fiscal year 1960 will provide for additional studies and for pro- 
totype hardware of certain components that must be built to check out the fea- 
tures of the components and of the entire system. Evaluation and development 
of this type of hardware will eventually lead to operational engines for space 
flight. 
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4. Program costs 


Fiscal year | Fiscal year 
1960 


1959 
Scientific and technical studies: 
Power-conversion equipment----.-.-....-.------------------------ inion ad $50, 000 $800, 000 
SN i rirecnndacdncnssosilesdeatagelbbadapwekacsins 150, 000 : 
Prototypes and operational hardware: 
I ee niin ns a ccc cnnescinescnccccaccnntussseens 50, 000 1, 100, 000 
Heosleration Sumpees.- ....-...--~-.~---.---- 4-2-2 o-oo see 50, 000 700, 000 
— equipment, repairs, and alterations: 
‘ower-conversion equipment... .........-- 12-21-22 oe - 3 22 3 - Jen nnn een ne-- 100, 000 
Acccleration Oquipmeht..... ........-- 2222220222222 ne connec scence eseencsas losecscncassses 100, 000 
gi ae ie a eed dcaseas alae aiieds 300, 000 3, 000, 000 
Auxiliary power units: 
aE IN CI cineca ccaee secs an ose ee che nein alahatnsaacel $500, 000 
IE TI asic csg:tiveses ta tepcienirenig silat tin neil bagless 3, 000, 000 


1. OBJECTIVES 


To develop auxiliary power units to obtain low weight and high reliability for 
a wide range of power requirements from that now required on existing satel- 
lites to that which will be required in advanced interplanetary journeys. 


2. JUSTIFICATIONS 


Nearly all vehicles to be effective must have auxiliary electric power, in addi- 
tion to the main propulsion power source, in order to operate the equipment on 
board. The type of power unit required depends on the rate of power consump- 
tion needed and the time for which it must operate. Possible power units vary 
from lightweight but low-efficiency types suitable for short-time operation to the 
heavier but more efficient types for long-time operation. In some vehicles the 
auxiliary power may be supplied by the main propulsion unit. All systems re- 
quire one or more components to convert an energy source to electric power. 
The system that results in the lightest weight for a given mission will depend 
on the weight and efficiency of each of the components so that each must be 
studied and developed. 

Auxiliary power units can, in general, be divided into two categories: (1) The 
chemical cell type which contains a given total energy and is thereby limited 
in time of operation depending on the rate at which energy is used, and (2) the 
solar cell type which is limited in power output depending on the size and dis- 
tance from the sun but which has an almost indefinite life or time of operation. 
The nuclear-powered turbogenerator, like the solar cell, has a very long life 
limited only by the reactor fuel supply, but is capable of being developed to very 
high power outputs—in the order of megawatts. At the higher powers these 
units are useful as the power source for the electric space engines. 

Existing units are either very limited in operating times when using the chem- 
ical cell, or to very low power output when using the solar cells. Initial work 
will consist of refining these units in order to reduce their weight and increase 
their power and reliability. These units, can never be developed for missions 
which require travel to long distances from either the Earth or the Sun. Studies 
and research will first be made on components leading to advanced nuclear sys- 
tems. These studies will then be used to determine which units to develop for 
future interplanetary and interstellar journeys that will be made. 


8. PROGRAM PHASING 


Funds for the fiscal year 1959 will be used for studies of various systems to 
determine their limitations and operating characteristics. These studies will 
consist of analytical investigations and the construction and tests of component 
parts that are difficult to analyze. Funds for the fiscal year 1960 are requested 
for the more detailed study of the systems that appear most promising and for 
the construction of prototype components of the systems to determine their 
operating characteristics and efficiencies. 
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4. Program costs 


Fiscal year | Fiscal year 
1959 1960 





_—_—_— — 


Scientific and technical studies: 





I Oo cisalespusieliarmalnach $100, 000 $100, 000 
Power sources (except nuclear) and associated equipment...............- 50, 000 100, 000 
a inch weir hnreitrdseibinAuntiane iia arc 50, 000 100, 000 
Prototypes and operational hardware: 
Solar collectors and equipment. .----_-- haanneieibctichaisiaacdise tani tamara te aalhe dasa texaoe 100, 000 1, 000, 000 
oe Ea ae mS Diu asant cies 200, 000 1, 500, 000 
Power sources (except nuclear) and associated equipment................]....--.------- 50, 000 
Supplies, equipment, repairs, and alterations: 
Solar collectors and equipment... _.......-.--.. Waitemata, Vik cen wameean 50, 000 
nn no in cts gs whic tao Sik Nal ines acaiecaiaiinaomtinaias 50, 000 
Power sources (except nuclear) and associated equipment.............. Ms ecasbanese 50, 000 
cr a a ON Ee pee Sl 500, 000 3, 000, 000 





Dr. Drypen. It seems to me there was another aspect here to your 
question that has slipped my mind. You asked cheek the defense 
relation ? 

Senator Srennis. Yes. 

Dr. Drypen. Why the increase in it ? 

Senator Stennis. Yes. 

Dr. Dryven. In the case of the 1-million-pound engine which is 
the first item showing an increase, this again is a project which in the 
aggregate will cost well over $100 million, and this is the rise in 
financing as you get into this development more actively. 

Senator Srennis. Well, the general answer to all of them is you 
are moving further into the program; is that it ? 

Dr. Drypven. That is right, proceeding with the program. 

Senator Stennis. All right; are there any questions on this cate- 
gory? Thisisa rather large one. 

Mr. Lehrer has said that he has conferred with you about these 
growing programs. If you could give us an estimate of what to ex- 
pect in the future, without being bound by any particular figure, 
of course, we would like to have it. 

Dr. Drypen. Yes; this is contingent on how far the vehicle de- 
velopments are carried into the future. If we carry the national 
booster program as it is presently outlined for the next 10 years, 
there will be an expenditure of $2 billion, or in the order of $2 billion. 
The high costs are in the vehicles that are further along in this pro- 
gram. The items that you have here carried to completion, I would 
guess, would be a matter of a few hundred million dollars—something 
of that order of magnitude. 

Dr. Gtennan. I think I would like to speak to that, Mr. Chairman. 

Senator Srennis. All right, Doctor. 

Dr. Guennan. Actually, what Dr. Dryden is speaking of here in 
this long-range, 10-year program is covered under both the vehicle 
development section which is running this year at $99 million, and 
the space propulsion technology running at $2 million. Space pro- 
pulsion technology is the underlying work out of which systems may 
grow. In order to deal more sensibly and straightforwardly. with 
vehicles themselves, we have laid those out in a vehicle development 
category which we will come to in a minute. 

Senator Stennis. So the big engine is the only thing that is going 
to run into larger money ? 
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Dr. GLENNAN. No. 

Senator Stennis. No? 

Dr. Guennan. No; I can’t say that honestly because nuclear rocket 
engines might, in the course of ‘the next 10 years, run into a substan- 
tial amount of money. It is a little hard to say at this time. 

Dr. Drypen. I think an analogy might be useful, Senator Stennis, 
for the aircraft and with which you are very familiar. This space 
propulsion technology deals with engine development and the rest 
deals with airplanes i in which these engines are used. So this item 
you are now discussing corresponds with engines, plus auxiliary 
power systems for airplanes. 

It is the pieces that you have to have, Mr. Chairman, that someone 
has said of airplanes before, and that is that the whole performance 
on the powerplants—for example, the horsepower or thrust that you 
have, and in the space vehicle field—your ultimate performance is 
keyed right back to the engines and these engines just must be de- 
veloped. You don’t buy them off the shelf and this item is the engine 
development program. 

Senator Stennis. This whole space propulsion technology ? 

Dr. Dryven. Yes. 

Senator Stennis. Any other questions on that one ? 

Allright, Doctor ; proceed 


SPACE SYSTEMS TECHNOLOGY 


Dr. GLENNAN. We now come to space systems technology and at 
this point, Mr. Chairman, I would like to insert in the record, pages 
277 through 283 of the Justification Book, and cite from the com- 
mittee report, pages 36 to 40. 

(Pp. 277 through 283, space systems technology justification, are 
as follows:) 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
Fiscal year 1960 estimates 


Advanced vehicle systems: 
Wises! wens 1000 e oi Ie ee bea be eee $500, 000 
ORE WO Bi ic ie eee en eal eee aie 1, 500, 000 


1. OBJECTIVES 


To study the problems arising in the development and use of large rocket 
vehicle systems. 
2. JUSTIFICATION 


The NASA has initiated a program for the development of a 1-million-pound 
thrust rocket motor. In addition, other programs are underway for the de 
velopment of rocket motors suitable for use with high-energy propellants as 
well as research directed toward providing nuclear reactors for rocket pro- 
pulsion. Rocket motors represent only one part of the complete booster sys- 
tem. Other factors to be considered included the tanks, structure, type of 
staging, methods for attitude control, prelaunch fuel handling, and operation 
of the vehicle. Some or all of these areas of interest must be examined at an 
early date so that the complete booster system reaches developmental stages on a 
time scale that will allow earliest possible use of the rocket motors. 


3. PROGRAM PHASING 


In the fiscal year 1959 predevelopment study contracts will be initiated to 
study the problems arising in the use of large rocket systems and/or high- 
energy propellant systems. They will be continued and extended in the fiscal 
year 1960. Model testing will be started in 1960. 
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4. Program costs 





Fiscal year | Fiscal year 
1959 1960 








Scientific and technical studies. -.. i aaa es tacinien | $500, 000 $1, 200, 000 





Supplies, equipment, repairs, and SI oo dis ta bcddves ieee dated |--------- dank 300, 000 
EE Ai Aciiiedcdnnes aekieebitnwnihikenbabeh bind dieebenand diab senddedne 500, 000 1, 520, 000 


Booster recovery systems: 
a caesarean aisahemnceacatanaitceuh a $500, 000 
NS NE IE etinteine nptiiniiisamncimtaedaa menace ae 1, 500, 000 


1. OBJECTIVES 


To develop vehicles that will be used with high thrust first-stage rockets so 
that these rocket systems may be recovered and reused after each launching. 


2. JUSTIFICATION 


As part of its mission to explore space, the NASA is developing large rocket 
engines which will be capable of delivering large payloads into an earth orbit 
or which will be used to boost upper stage vehicles for long-range inter- 
planetary missions. For instance, a cluster of the million-pound-thrust rocket 
engines can be used to deliver a payload of approximately 150,000 pounds into 
an earth orbit. These clusters will also be required for the proposed manned 
lunar missions and for the establishment of permanently manned and therefore 
permanently supplied space stations from which advanced space missions and 
operations may be carried on. 

It is presently estimated that the hardware cost of each of the clusters of 
million-pound-thrust rocket systems will be at least $45 million. Because of the 
extensive use that is proposed for the million-pound rocket and because of the 
large numbers of these rockets that will be required, it is apparent that means 
must be found to recover the first-stage booster so that it may be reused. The 
savings in cost of hardware that would be achieved would pay many times over 
for the cost of developing a booster system that would be recoverable. 


3. PROGRAM PHASING 

The fiscal year 1959 funds for this program will be directed only at analysis 
of various systems of recovery that appear feasible. In the fiscal year 1960, 
design and engineering will be conducted and promising concepts will be eval- 
uated using models in wind tunnel and free flight experiments. 


4. Program costs 


Fiscal year Fiscal year 
1959 1960 


Scientific and technical studies: 


I at critncbaninhthind padseeanimavesnnthunaeynnd $500, 000 $300, 000 
i Se che A cabian tk pawmigeeuniiel 900, 000 

Supplies, equipment, repairs, and alterations: Models for wind-tunnel and 
UN i i atlases kien Dk brash eacdiaghbeliahen acim bens bite spailiahed Sasa 300, 000 
ince tliacitlatadtina nian vot ieiehisittansebiiny dipaiaas cmuigini dp diniinetinnnetadiad 500, 000 1, 500, 000 


Orbiting space laboratories : 
TR och eglapsbecia adc anid gcd dint bates. tet aaa ane 
I he ere ees $2, 000, 000 
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1. OBJECTIVES 


To establish the scientific, technological, and civilian service requirements for 
orbiting space laboratories; to rationalize and refine the design, construction, 
and operating technology of orbiting space laboratories ; and to provide and uti- 
lize such laboratories for the conduct of important specialized investigations and 
services in space that cannot be effectively accomplished with other vehicles, 
particularly of the unmanned type. 


2. JUSTIFICATION 


Current and planned programs for satellite experiments will provide a new 
wealth of scientific information of the physical environment of the earth. It 
has become clear, however, that there is a wide range of advanced scientific and 
technological investigations in space that can be more effectively performed with 
an orbiting space laboratory. Such laboratories will provide a stabilized plat- 
form in space with sufficient room, weight-carrying capacity, supporting instru- 
mentation and equipment, and, as necessary, accommodations for scientists and 
technicians to perform more specialized and advanced operations than is pos- 
sible with current types of space vehicles. 

In particular, orbiting space laboratories will provide a capability for con- 
ducting advanced and extensive astronomical and cosmological investigations 
where the onboard operating and analytical faculties of man are advantageous. 
There are, similarly, other broad areas of scientific endeavor involving, for 
example, the influence of gravitation on biological processes and of high-energy 
particles on both organic and inorganic substances that warrant investigation 
and cannot be adequately simulated in eartb laboratories. The space labora- 
tory will also allow the assessment of man’s capabilities, requirements, and 
limitations for performing more complex and extensive space missions. 

Space laboratories will be required for the investigation and proof testing of 
a host of vehicular components and operating techniques required for other 
advanced space vehicles. Of note are problems concerning the employment of 
optical and other critical components in a micrometeoritic environment, the 
influence of radiations on the structural behavior of special materials, the 
mechanism of vapor-liquid interfaces under zero gravity as related to power- 
plant boilers and condensers, the feasibility of mechanical construction in 
space and the general performance evaluation of inertial platforms, referencing 
and navigation systems, scientific and operational sensors, space rendezvous 
systems, personnel equipment, and the like. 

There are in addition a wide range of potentialities for the development and 
provision of important civilian services involving meteorology, communications, 
broadcasting, mapping, and special observation where the orbiting space labora- 
tory will make vital contributions. 


8. PROGRAM PHASING ~ 


During the fiscal year 1960, a program will be initiated to advance the tech- 
nology of the design, construction, and operation of orbiting space laboratories. 
Such a laboratory represents an important application of the manned satellite 
technology being developed in another program. In order to provide an early 
eapability for advanced geophysical and biological experiments where earth 
stabilization and vehicle recovery is required, however, it is planned to initiate 
the development of internal modifications for a capsule of the type being devel- 
oped in the manned satellite program for use as an unmanned orbiting space 
laboratory. The modifications will permit substitution of the experimental 
apparatus and associated instrumentation for the volume and weight normally 
required for manned operation. Initial development and construction of special 
subsystems and experimental apparatus for such a vehicle will also be initiated. 

Concurrently, investigations will be undertaken to establish the design re- 
quirements for a more advanced orbiting space laboratory that will be large 
enough to accommodate two men together with appropriate scientific laboratory 
equipment and thereby permit conduct of a wider range of scientific studies in 
space. 








734 NASA AUTHORIZATION FOR FISCAL YEAR 1960 


}. Program costs 


| » | 
Fiscal year Fiscal year 








1959 | 1960 
Scientific and technical studies: | 
Investigation of vehicular systems and operational techniques for un- 
manned laboratory experiment. mee $100, 000 
Study and development of ins strumentation systems and techniques for 
space labor atori es | | 200, 000 
Stuc iy and preliminary development of advanced space laboratories - - - - - 600, 000 
Prototypes and operational hardware: 
Initial design and development of modifications to a manned satellite | 
capsule. -.. So 300, 000 
Initial de velopment and construction of space-laboratory apparatus | 
and instrumentation systems .-...........-.-..--- i +e ‘. jndkactaeiaul 600, 000 
Supplies, equipment, repairs, and alters CI net -ih adil) cdahtinietecan meal -| adcemyenss 200, 000 
Rae adacece er oonnnes ce Re ere re AL ee | 2, 000, 000 


Dr. GLENNAN. This calls for advanced vehicles systems and booster 
recovery systems at $114 million each, and orbiting space laboratories 
at $2 million. 

Perhaps Mr. Wyatt would speak to these. 

Mr. Wyarr. In procuring these newer, larger, and consequently 
more expensive vehicular systems, we want to insure that, in the first 
place, we can design the best system because, for example, the Nova 
vehicle as you may recall from the earlier testimony, would be based 


upon the use of four of these 1144-million-pound thrust engines in the. 


first stage, leading to a vehicle with a total weight of “potentially 
almost 5 ‘million pounds at takeoff. 

We need, in the first place, to know how to properly construct such 
a vehicle to get the greatest economy of structure because this is, as 
we say, in an order of magnitude larger than any rocket system we 
have ever built. 

We are now building rockets of around 144 million pounds gross 
weight. Now we are talking about 5 million pounds of weight. Now, 
do we need new structural methods? One might say that now we are 
going from the old way of building fuselages : from bamboo and wire 
to where we build them now of pressurized aluminum. This rocket 
may stand almost 300 feet tall. Obviously, you can’t ship it around 
the country after it is built. So we have to include in our study of the 
way to build the rocket, a way to actually assemble it on the launch 
site so we can do major assembly work right on the launch site, and 
this has to tie in with the structure itself so we can get a lightw eight, 
efficient structure that can still be erected as a major ‘erection job right 
on the site where it is going to be launched. These are the things’ we 
want to begin studies on in the fiscal year 1960 period. 

Again, these vehicles are going to be so expensive that we feel it 
is economically indefensible not to attempt to recover and reuse parts 
of the vehicle, principally the first stage of the booster and, conse- 
quently, we have initiated or started initiation of studies right now 
and expect to carry them on through the fiscal year 1960 period on 
how can we recover some of the very expensive components of the 
first stage of these vehicles, and we expect to be able to do this. 

We need to study alternate methods at the moment and look to the 

way we want to proceed, but if we can do this, why in recovering 
actually only one or two vehicles, we can more than repay the cost 
of the plans that are required to accomplish this recovery technique. 
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This accounts for the $114 million we propose under the booster 
recovery. 

The third item, the orbiting space laboratory, I discussed with 
you in the previous testimony and refers very briefly to this: 

The reasoning here is that when we go into truly ambitious space 
flight, that is when we contemplate the period rather far in the future 
in which we want to send men out to other planets, we are going to 
have to send out almost perfect vehicles, because contrary to the comic- 
strip impression, the present state of rocket technology does not permit 
us to start a rocket on its way to Mars and then turn around some 
30,000 miles out and come back just because something has broken. 

When we start this vehicle out, it is going to have to complete its 
intended path. This means everything in it is going to have to work 
perfectly. Because weight is such a premium, every pound of weight 
we put in the vehicle requires several hundreds of pounds of thrust 
on the ground. We cannot carry a lot of spare parts along on the 
trip. Consequently, it is going to be necessary to examine, and very 
thoroughly check, the reliability of each of the components that we 
put into a system of this sort. 

We have to examine this reliability in the actual environment in 
which it is going to operate, and that is the environment of true 
space, subject to radiation, the reduced pressure which the vacuum 
of space introduces, the problems of lubrication, weight of the bear- 
ings, seizure of the bearings. 

We feel one of the ways we want to conduct this preliminary study 
of components and systems is to put these components into space and 
keep them there for a substantial period of time in order to get a re- 
liability check. A vehicle to do this we would call an orbiting space 
laboratory, a laboratory that will be put up and allowed to orbit 
the earth and either bring the whole laboratory down and examine 
the specimens in it or resupply it from time to time and leave the 
laboratory up there and go up and examine what is happening and 
make changes in the program. 

We are requesting some $2 million in the 1960 budget to initiate 
studies on what are some of the peculiar problems that must be over- 
come in order to really contemplate the use of orbiting space labora- 
tories. The vehicles that we have in our national vehicle program 
will give us the potential to put up very large orbiting space labora- 
tories after a period of years. We need now to begin to study the 
particular problems of how we build these and how we will use these 
to the fullest advantage. This is the reason for the $2 million re- 
quest, Mr. Chairman. 

Senator Srennis. All right. Now Senator Young and Senator 
Cannon are not old enough to remember, but Senator Martin and I 
remember when you used to take along a 5-gallon can of extra gas- 
oline in the Model T-Ford. You haven’t perfected that method of 
carrying the extra fuel yet, have you? 

Mr. Wyatt. No, sir; not at the moment. 

Senator Stennis. Now, the recovery of the boosters that you men- 
tioned at the beginning of your statement—are the military services 
in those studies and categories with you ? 

Mr. Wyatt. They are in those, too. The work we will do will be 
in coordination with the military programs; that is, we will not be 
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casting off totally ignoring the military’s efforts. This is a field being 
looked into at the Army Ballistic Missile Agency. There is work 
underway and we will be supporting and furthering this sort of work. 

Specifically, we would like to aim for a recovery system that we can 
use with our Vega vehicle that will be coming along in a year and 
a half. We would like to start recovering the first-stage engines of 
the Vega missile, if we possibly can. 

Senator Stennis. All right; what is your next item, Doctor? 


SUPPORTING ACTIVITIES 


Dr, Guennan. The next item, Mr. Chairman, is “Supporting activi- 
ties,” 

I would ask that pages 284 and 285 of the justification book be 
placed in the record, and I would like to cite from the committee 
report, page 225. aad 

(Pp. 284 and 285 on the “Supporting activities” justification are 
as follows :) 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
Fiscal year 1960 estimates 


Tracking and data acquisition: 
SIN Ss PRI a te irinotecan ne eapies eaptrgeogen eae $3, 300, 000 
AMOR FORE TG iin im cieiincncimncemem ated eo whites eee 11, 500, 000 


1. OBJECTIVES 


To maintain the operation of tracking and data acquisition facilities necessary 
to the overall space flight program; to develop improved tracking and data 
acquisition equipment. 

2. JUSTIFICATION 


The supporting effort on tracking and data acquisition is being planned to 
provide common operating facilities in these areas for as much of the varied 
workload as is practicable. In all cases, whether we consider a scientific pro- 
gram using satellites or sounding rockets, a space probe rocket, or a manned 
satellite experiment, there is a need for tracking units capable of delivering 
orbital data or position time histories, and telemetering receivers for data 
transfer. These devices must be properly coordinated by communications links 
and the data returned to a suitable computing center for rapid data reduction. 
Without such equipment there would-be no point to most of the projected ex- 
periments, as there would be no data available for analysis. Each type of test 
generally brings with it special requirements on instrument performance, mak- 
ing it necessary to include in the design of the station equipment the greatest 
possible flexibility. 

3. PROGRAM PHASING 


This program is intimately related to the construction and equipment por- 
tion of the budget as it is with that equipment that most of the operations are 
concerned. In the immediate future the data acquisition and tracking effort 
will be devoted to the continued operation of the existing IGY optical and radio 
interferometer networks. It is proposed to establish additional stations with 
supplemental fiscal year 1959 funds and with the regular fiscal year 1960 funds 
as discussed under the “Construction and equipment” section of the estimates. 
Operational contracts are planned under the “Research and development” ap- 
propriation title for a number of both the existing and the new stations. Sup- 
port will be given to groups who have already participated in the IGY pro- 
gram so as to retain experienced personnel in station operations. 


Im 
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4. Program costs 
Fiscal year | Fiscal year 
1959 1960 


Scientific and technical studies: Studies relating to tracking methods, data | 
reduction and analysis, methods of data transmission and telemetering----| $300, 000 $800, 000 
Prototypes and operational hardware: Telemetering receivers, tracking | 
antennas, transmitters and receivers, readout devices and data recorders | 
OE i Ri a eNO 600, 000 1, 500, 000 
Operations and technical services: For the operation of the Smithsonian | 
optical stations, the minitrack stations, the space probe receiving units, | 








ee. eee 2,000,000} 7, 500, 000 
Supplies, equipment, repairs, and alterations: Replacement parts, recording . 

material, miscellaneous equipment, and minor alterations. __.....-...---.-- | 400, 000 | 1, 700, 000 

I ta aa Me eR ae | 3,300,000 | —-11, 500, 000 





Dr. GLeNNAN. We have not really had a presentation of this pro- 
gram and I would ask Mr. Buckley, who is head of our Space Flight 
Operations, to give this presentation to you now. 

Senator Stennis. All right, Mr. Buckley, come around please. 

Dr. Guennan. Mr. Buckley in his testimony will be covering some 
of the capital amounts required. 

Senator Stennis. I understand this was not included in the tech- 
nical presentation before. 

Allright, Mr. Buckley, we are glad to hear from you. 

Mr. Bucktey. Mr. Chairman, and gentlemen, during International 
Geophysical Year, the problem of tracking satellites was considered. 
The National Science Foundation and the National Academy of Sci- 
ences funded a series of tracking stations around the world. Now, 
the orbits that were envisioned for the IGY were tracks that went 
across the country at a low angle, 30°, 30° north and south latitude 
was the furtherest they went. 

A series of stations were planned to track IGY satellites within the 
latitude range of 30° north and 30° south. The first group of sta- 
tions that we planned was a group of stations with high quality cam- 
eras which took very exact pictures of the vehicle out there against a 
star background. 

This net work of stations produced very exact data. It had certain 
limitations in that it could be used only when the weather was very 
clear, and, as a matter of fact this determined the places these sta- 
tions were put, more or less by the same criteria that you have for 
astronomical observatories. The other limitation of this series of 
stations was that you could only photograph the vehicle when it was 
illuminated by the sun and when the sky was in darkness behind it. 

This means just before sunrise, for an hour, and just after sunset, 
for an hour. However this group of stations gave very, very exact 
data. Now this is the type of records we have, and this film plate 
was read locally at the various stations. The data was transmitted 
within a few hours to Cambridge, Mass., to the Smithsonian Astro- 
physical Laboratory there. 

Senator Stennis. Excuse me—what is thisnow? Is that an actual 
photograph of the tracking? 

Mr. Bucxtey. This is a picture of the sky and these are stars, and 
this is the satellite going across it. 

Senator Stennis. The tracking of the satellite; is it ? 
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Mr. Bucxktey. Yes, sir, and the astronomers knowing the — 
of the various stars can get the exact place where this satellite was 
at that instant. 

This was made at the local station, but the film was brought back 
to the United States and put in film readers that the astronomers use 
and a more exact determination of the satellite was made and com- 
puters calculated the exact orbit. 

Senator Stennis. May I ask you this: How long have you been 
able to take photographs, similar to that, of the stars ? 

Mr. Buck.ey. Sir, this is a standard astronomy technique, photo- 
graphing the sky. For instance, at Mount Palomar in the last few 
years, National Geographic conducted a very extensive survey of all 
the sky, the most comprehensive survey ever made and it was made 
on a series of pictures of this sort. 

The stood series of stations that were started at the time of the 
International Geophysical Year were a group of radio receiving sta- 
tions which had an antenna array that gave a very directive beam. 
You have seen these special antennas on television stations, and so 
forth, and this special antenna array detected the exact angle from 
which the radio signal was coming from the station. 

These stations were the optical stations, scattered around the world 
where the satellites could be seen best. They were dispersed around 
the world and could track during times of twilight, as I mentioned 
before, just before sunrise and before sunset. However, with the 
radio type of receiving station, we do not have these limitations. 
These were placed up and down the 75th meridian and any satellite 
fired in this 30° orbit here which was contemplated for the IGY 
series of satellites would pass through this sort of fence. It would 
be detected as it went through. There are a few other stations added 
to this vertical line down the 75th meridian. Following the first 
successful firing at Cape Canaveral, the stations here, Antigua, and 
over here, South Africa, on the chart gave assurance that the satellite 
was on its path and proceeding properly and as it went around the 
earth and came back, it was picked up at San Diego. It was the sta- 
tion there that gave confirmation really, that it had completed one 
trip of the earth and if you remember in the newspapers at that 
time, it was a very dramatic thing. 

These two networks were then what we started a year ago and when 
we started in this business. 

Senator Martin. Mr. Chairman, may I ask a question ? 

Senator Stennis. Yes, Senator Martin. 

Senator Martin. On that Minitrack network, are those stations all 
under your direction ? 

Mr. Bucx.ey. Sir, this group here was part of the Vanguard pro- 
gram and we took it over in the early fall last year so they are part 
of our own network. 

Senator Srennis. They are now part of your network ? 

Mr. Bucxiey. Yes, sir; the optical stations are under the Smith- 
sonian Institution and we support this program through a grant. We 
do not operate that as an inhouse item. 

Senator Martin. Are there other comparable net works in operation 
outside your own jurisdiction ? 

Mr. Buckiry. Well, sir, these are the general workhouse networks 
for us, and, incidentally, the data from these two networks flows into 
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the computing group and into the various universities and services. 
All use the data. I will go into a couple of the networks in more 
detail a little later. 

There are certain changes that ought to be made in these networks 
I have just shown, as is contemplated in the budget. As you remem- 
ber, the IGY was going to fire only in low orbits at the start of the 
program, but later the satellites were fired into other orbits such as 
the 51° orbit here, and north and south firings were made at the 
Pacific Missile Range. In this case, the vehicle goes down here and 
up and down this side of the Earth. Four stations are being added 
to this Minitrack network to increase it from what it was a year ago. 

You remember that. there are stations here and here on the chart, 
along this southerly firing from Canaveral, to be sure everything was 
well. Following that pattern there will be a station here in New- 
foundland and one in Western Europe, which may be England when 
the site survey team finishes choosing the site. 

Senator Cannon. Is that one in Alaska and one in the North Cen- 
ral United States? 

Mr. Bucxiey. The one in the North Central United States will help 
cletermine if the first orbit of certain satellites is successful. The one 
in Alaska is the end of the first orbit, roughly for the orbit firing 
south from the Pacific Missile Range here. It goes down there and 
then back up on the other side here—Alaska was chosen because it had 
good communications. The two important conditions are that they 
have good communications and are in rather friendly territory. Now 
these are satellites, there were bodies going around the Earth. In 
addition to those, we are going to fire a space probe that leaves the 
Earth and will stay in orbit. 

As I will show in the next chart here, when a body gets far enough 
from the Earth it can be seen from a large area on the Earth, and for 
this reason we chose to use three large tracking stations separated by 
120° of longitude. I will put this picture back up again in one mo- 
ment, but the stations were dispersed around—three of them about 
120° apart. After one of these vehicles reaches a point over the 
Earth’s diameter, one of either of these stations can see it. The type 
of stations that are being used for this purpose are 85-foot diameter 
antennas. This one is at Goldstone, Calif., and is run by the Jet 
Propulsion Laboratory. 

The signals you get are extremely weak as the body goes out. 
We tracked a vehicle 400,000 miles in this last year and if we are 
going to shoot for Mars, we will be tracking for many, many months 
so that we will be attempting to pick up signals further than any 
signals picked up so far. 

‘Now the station that you saw in that photograph was in California 
and our budget here is to put stations in South Africa and Australia. 
They will be operated to track these vehicles. 

Senator Stennis. Operated to do what? 

Mr. Buckiey. Operate as a net of stations to track these vehicles 
that go far out into space. 

Senator STENNIs. Senator Cannon? 

Senator Cannon. Dr. Glennan, may I ask you if any of these sta- 
tions will be used by the military services in their programs ? 
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Dr. GLENNAN. Senator Cannon, we have a signed agreement with 
the Department of Defense on this tracking problem and it provides 
that we install these stations, and we provide them with services for 

tracking such objects as they may desire to have tracked. At such 
ca as the traffic becomes more dense than we can handle with a 
single unit of this sort, then the other agency may come in and put 
in a separate unit at th: at time, using the same communications, the 
same logistics, the same property, the same management. And so 
this is really well coordinated; that is, our studies with them as we 
look forward over the years. 

Dr. Dryprn. It might help if I introduced a general remark here 
and used another analogy which may not be too good, but, for exam- 
ple, this country has transportation lines—you know, airplanes, trains, 
and buses. Each one serves a particular purpose. 

Now if we think about networks, the question was asked how many 
networks do you have? Well, this becomes somewhat a matter of 
definition and also adapted to a particular purpose. Any radio sta- 
tion can listen and hear signals. Many amateurs heard sputnik, 
but pr wily they had no way of telling direction or anything of 
the kind. They just heard a signal. 

We don’t call that a network of any interest here. The Minitrack 
network will listen to what we call a cooperative satellite, one on 
which we put a transmitter which transmits on a frequency that we 
know. These stations are built for that frequency, and they coop- 
erate with us, so to speak. The Minitrack is the worldwide network 
set up during Vanguard. It is suitable only for things in fairly low 
orbits. In other words, if you go into these space probes, this net work 
of electronic stations has no application. It is meant for satellites 
that carry a suitable transmitter. 

You cannot, on this network, hear a satellite that carries a trans- 
mitter on some other frequency. If we listen to a Russian satellite, 
we have to change the frequency. This was done in October of 1957, 
and there was an effort to change these stations over so they could 
hear the Russians, but this is a specialized network for our scientific 
and research and development satellites carrying transmitters that we 

can listen to. 

Now we have satellites that don’t cooperate, that don’t emit any- 
thing. The Defense Department has set up, and I don’t know 
whether you are going to show it, Mr. Buckley, but they have across 
southern Texas tr ansinitters and receivers and you send up a transmis- 
sion, get a reflection from this body which is up there. It isn’t like 
radar. You can attempt to do this with radar, but it takes a very 
large radar, indeed, to see a small satellite. By using a certain fre- 
quency region and the techniques developed again by the same group 
that dev eloped the active Minitrack as it is called; we have a passive 
Minitrack. They call theirs an active one because it has a transmitter 
and receiver. There is such a network used by our Defense Depart- 
ment to look for satellites which do not emit radiation. 

Now, when you come to the deep-space probes you have a totally 
different problem and these two networks that I mentioned are not 
useful. Mr. Buckley has described the deep-space-probe network. 
Now, all of the information from this feeds into Defense. In this one 
particular case, by agreement with the Defense Department, I be- 
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lieve we still hope that Defense is putting up one of these three sta- 
tions; we are putting one in Australia and they were going to put up 
the other one constituting the deep-space-probe network. 

We mentioned the cameras which have a different purpose, for the 
very precise purpose of taking pictures of the satellites against the 
stars 

Now we are going to talk later about the man in space. The Mini- 
track network will not do this job because again the orbit there will 
be about 100 miles. At 100 miles, it goes by awfully fast, so that you 
have to have the ability to track this thing more rapidly. 

I know all this sounds confusing to you, but I was trying to use the 
analogy of the transportation system, that you do have » many net- 
works; a number of networks are used which are for specific purposes 
and finally, of course, certainly in the Department of Defense, those 
who are charged with the defense of the countr y against ICBM’s and 
so on, you must have systems set up that will distinguish between 

satellites and missiles, so there is a defense mission. 

All of these are tied together in a communications system. This 
agreement with the Defense Department provided that the communi- 
cations networks of DOD would be equally available to NASA for 
transmitting this information back home. For a few of the stations, 
of course, we have to provide the communication that is not there, but 
we are using a common network. There are two centers for dealing 
with the data. Defense is going to have one which is essentially the 
Defense mission of keeping track of things up there, to distinguish 
them from missiles. We are feeding off the scientific data we are 
interested in, but all the data is available to either. This is the setup 
we worked out with the Defense Department. 

Senator Stennis. Senator Martin ? 

Senator Martin. That answers the question I had a moment or two 
ago, about duplication. 

Dr. Drypven. Yes. We think we have it under control, but the con- 
fusing part is we must realize there are four or five specialized net- 
works for specialized services just as you have airlines, buslines, trains, 
all going across the country. 

Now, Mr. Buckley, you may continue. 

Mr. Bucktey. I wanted to close with an explanation of the group 
of stations that are going to be used for man in space, Project Mercury. 

In putting up stations for Project Mercury, the first problem 1s 
which way we would fire this capsule and, of course, the basic con- 
sideration is the man’s safety and the proper place to fire this capsule. 
This appears to be Cape Canaveral using all their launching faci ‘ities. 

We want an orbit wherein the same facilities would be used. We 
also want a concentration of appropriate facilities in the areas where 
we are trying to recover the man which is even more important because 
the problem of finding this man and picking him up very quickly out 
of the water is a very necessary part of this. In the Cape Canaveral 
area between Norfolk, Charleston, and Jacksonville and Roosevelt 
Roads and Bermuda, there are always a lot of Navy ships that will 
help us to recover. That area is highly instrumented with radar to 
track the man down into the water. You can use the Cape Canaveral 
facilities and the Navy facilities and the Navy ships in that area for 
the recovery. 
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This, then, brought the orbit over Bermuda, across Africa, over 
Australia where there is quite a lot of equipment there, in the Aus- 
tralian National Range and back adjacent. to Hawaii and over near 
the Pacific Range and across the lower part of the United States. 

We don’t know whether this man will come down after the first 
or second or third trip, but in any case, he is over the continental 
United States, part of the time on all of these, and by firi ing the group 
of retrorockets in any of these orbits, we can bring him down in 
the general recovery area where we plan to have the Navy ships. 

Then we have the problem in Mercury to supplement the existing 
facilities at Cape Canaveral and the Pacific Missile Range and the 
White Sands, and so forth across the country. We have the same 
problem with existing facilities in Hawaii, and in Australia, so that 
we can follow and track this thing and get enough information to 
know when to fire this rocket, slow it up and bring the man down out 
of orbit. We also need enough telemetry stations distributed along 
the path so that we can watch with stations on the ground the heart- 
beat, respiration, and blood pressure and so forth, of the man in the 
capsule. 

There is a monitoring system within the capsule which holds the 
carbon dioxide down. In other words, both a mechanical monitoring 
of the capsule and the doctor’s monitoring of telemetered data will 
doublecheck the proper functioning of capsule all along the Mere ‘ury 
flight path. That is the type of program then that. is envisioned for 
tracking Project Mercury. One thing I want to add is that stations 
off this course cannot see it. For other groups of stations I talked 
about, the earth’s rotation brought one of the stations in where they 
can see it tomorrow instead of today. 

Now, over here, the longest the vehicle will be up for the early 
part. of the test is 444 hours, and only the stations along this path 

can see it. Therefore, you have to choose the path that will use the 
most stations and add to them as necessary to get the proper infor- 
mation. 

Senator Srennis. That was very interesting, Mr. Buckley, and 
we thank you. 

I want to ask just a few questions and maybe you or Dr. Dryden or 
Dr. Glennan can answer. 

What kind of a tracking system do you now have, like the ones for 
the Russian lunik probe? 

Dr. Drypen. We don’t know what they had. There were in exist- 
ence really only two which would have h: id the ability had they known 
the frequency in advance to put in the receiving equipment. This is 
the dish that you saw at Goldstone and the other is ar adio-astronomy 
telescope in Manchester, England. There are perhaps two other 
places, the Lincoln Laboratory where it is marginal, and whether they 
could do it at the present time I don’t know, but the main point was 
the Russians did not tell you what frequency they were going to use. 
When they did announce them over the radio, our Goldstone station 
worked continuously through the nights and days to put in receiving 
equipment on the frequency y which they said and get it working 
properly and were able to observe it. They did not track it, since the 

signal was too weak to operate the automatic tracking of the dish, 
but what they did do was to have a listener on the 1 -adio who did hear 
signals. 
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Then the dish was moved around until he said he heard it. When 
he said he heard it, they recorded it direct and you did get informa- 
tion for some periods. The signals and directions were heard, but 
those points lie along a curve which went close and, in fact, by the 
time they were listening, it was past the moon and diverged from 
the moon. 

Later on, the Russians published their observations on the path. 

[ don’t know what the equipment used was, but they did publish the 
saan and, when our observations are plotted, they group it in a very 
small angle around the numbers which they said. Now, neither side 
had the other’s data on it. 

Senator STennis. Well, did you get enough, though, to show that 
lunik was an actuality and not a hope? 

Dr. Drypen. We have no doubt about it whatever. 

Senator Srennis. You are satisfied with that ? 

Dr. Drypen. Yes. 

Mr. Buckury. We do know a little bit about the equipment the 
Russians use for tracking satellites. We have seen pictures of the 
cameras they have used and also seen a map of a larger number of 
stations where they have these cameras. This is the method they 
apparently use. We have seen that. We have also seen pictures of 
some electronic devices that they have and they look a little peculiar 
to us, but we have given them careful study. They are a little dif- 
ferent from what we expected of them. As a matter of fact, we 
think they are not anywhere near us in that particular field. 

Senator Srennis. Not near us? 

Mr. Buckxiey. No; not near us. They have put a lot of work on 
this optical equipment. 

Senator Stennis. Any questions now? Senator Cannon. 

Senator Cannon. One question, Doctor. I take it you are not in 
accord with True magazine? 

Dr. GLENNAN. Not at all. 

Senator Srennis. Another subcommittee of the Senate Space Com- 
mittee recently had General Schriever testifying here. He inserted 
in the record at my request a statement entitled. “Integration of Na- 
tional Facilities for Global R. & D. Tracking.” 

Are you gentlemen familiar with that statement ? 

(The statement by Lt. Gen. Bernard Schriever, USAF, entitled 
“Integration of National Facilities for Global R. & D. Tracking” is 


as follows y 
INTEGRATION OF NATIONAL FACILITIES FOR GLOBAL R. & D. TRACKING 


There are many facilities and systems in existence and under development, 
both by the military and by NASA, which can contribute significantly to a world- 
wide tracking and range capability for space research and development. In all 
eases in which it is technically and administratively feasible, immediate action 
should be taken to integrate these research and development facilities into an 
effective global ground environment for space research and development. 
Facilities of the national ranges which have application to such a global net- 
work are those involving tracking and data acquisition, such as radars, optical 
equipment, and telemetry equipment. With appropriate integration of these 
facilities in terms of common communications, operating frequencies, and timing 
systems, the national ranges can function effectively as portions of one overall 
network. 

Such integration and control will rapidly become a large and demanding task, 
which can be best performed under the executive responsibility of a single mili- 
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tary service rather than by creation of or expansion of another agency. The Air 
Forces proposes the establishment within the Department of Defense of a 
Global Range Control Center which would have the capability and authority 
for tying together into one global range network those applicable facilities op- 
erated by the national ranges, plus such additional facilities as are required. I 
believe that the Air Force is the service best qualified by experience, resources, 
and mission responsibilities to perform this executive function, under normal 
policy guidance and supervision from the Office of the Secretary of Defense. 

This Global Range Control Center should be organizationally separate and 
distinct from the control centers of the national ranges, and should exercise 
only the control required to coordinate the global aspects of the many research 
and development activities and demands which will be placed upon it, both by 
the Department of Defense and by NASA. 

As I have earlier stated, the tracking and data acquisition stations of an 
operational military space weapon system are integral parts of that system. A 
single global ground environment under a single control agency cannot effec- 
tively fulfill all military operational requirements as well as research and de- 
velopment requirements for global surveillance and tracking. The agency re- 
sponsible for the initial Operational capability of a particular sys Sentry, 
for example—must have the authority to control all elements peculiar to that 
system (launch, tracking, processing of mission data, communications, recovery, 
etc.) to insure the integrity and effectiveness of the system as an operational 
entity. However, it is recognized that minor modifications to these special 
operational stations may make them capable of accomplishing side benefits 
which may be utilized by a global agency in furtherance of integrated research 
and development activities. The control center, therefore, also would require 
connections with operational complexes—in order to meet research and de- 
velopment needs as well as operational requirements at the earliest possible 
date. The National Surveillance Coordination Center would provide integrated 
space survelliance data for both military and NASA requirements, with dué 
consideration of the priority of certain military operations or development 
objectives. 

The Global Range Control Center would be established under an agency of the 
Air Force, with representation of all using parties concerned. The functions 
of the control center in integrating the facilities of more than one national range 
would be as follows: 

1. Coordinate global test schedules between national ranges and users; 
Act as advisers to the national ranges during prelaunch and launch 
activities ; 
3. Utilize its centrally integrated resources for the complex computations 
of orbital and recovery trajectories which will be required; 
4. Display research and development global range status and data at all 
— providing appropriate information to users ; and 
. Maintain an automatic network control. 


Dr. hea: Mr. Buckley says he is familiar with it. 

Mr. Bucxtey. The Air Force came up with a study that advocated 
an integration plan, I think, ending up in a single filter center 
through : which all the data went through Air Force management. 

Senator Srennis. That is the plan. What is your comment on 
that, Mr. Buckley ? 

Mr. Bucxtey. I think you would have to be careful when you put 
together these plans that you don’t put a limitation on our civilian 
scientific work in attempting to meet the requirements they would 
have to have as to security and as to priority and as to saturation in 
connection with their programs. Their programs demand far more 
data out of their firings than we do. 

Dr. Dryven. Mr. Chairman, this is one of the two centers connected 
into the same series of stations that I mentioned. I think they call it 
space track and it is the one whose primary function relates to the de- 
fense of the country, keeping track of the satellites and distinguishing 
them from missiles. 
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We feel that we must, for many reasons, pull the scientific data out 
into a separate center, although the rest of the system is the same 
and fully interchangeable between the two centers. There are many 
considerations. One has been mentioned, and one is security. There 
are many aspects of this center in Defense that will require security. 
Take the tracking of the dark satellites for example. That is a de- 
fense matter and maybe they want to keep the results of that classi- 
fied. We have an obligation to do a scientific program with some in- 
ternational cooperation. It will become very difficult for us to do any 
international cooperation if the facilities are entirely military. This 
is the reason that we will come to later, that we are able to fire a 
small satellite at Wallops Island, not a station within Defense. The 
vehicles we have in mind do not involve ballistic missile boosters and 
we would then be able to do a certain amount of international co- 


operation. ee 
There is a further point Mr. Buckley mentioned, that the priority 


on that matter will have to be on matters relating to defense, whereas 
we can draw off the same basic data plus the telemetering data from 
our scientific satellites. 

Senator Stennis. I didn’t want to take you by surprise, but I think 
we ought to call this to your attention and ask you to prepare a 
comment on it. There is a global range control center which would 
be established under an agency of the Air Force with representation 
of all using parties concerned. 
am Drypen. Could we have that and we will be glad to respond to 
it? 

Senator Stennis. Yes; and put your comment in later. My only 
concern here is that we do our duty, as you want to do yours. 

(The information supplied to the subcommittee by NASA is as 


follows :) 


Proposals for integration and/or coordination of tracking facilities must be 
evaluated by considering the national needs, the functions and special pur- 
poses of facilities to meet these needs, and what present actions are being taken 
to coordinate these facilities. 

The national needs which have been recognized by the Aeronautics and Space 
Act of 1958 fall into two categories. One is the security and defense of the 
country; and the other is the need for a vigorous but peaceful scientific ex- 
ploration of space. 

Facilities to meet these needs are not incompatible nor is it impossible to 
integrate certain functions or facilities to meet both needs. 

In discussing the coordination problem of the tracking and data acquisition 
facilities used for space programs, it is necessary to keep in mind that various 
groups of tracking stations result not only from R. & D. alone but also from other 
quite different requirements. 

There is a requirement for intelligence functions to have its own stations 
which for security reasons may be tightly controlled and so can not be co- 
ordinated with other areas. Limited cross-feed of data may be possible, however. 

There is requirement for detection or early warning equipment which is 
special in that it is based on the fact that the satellite is unfriendly and non- 
cooperating; that is, it does not have a special transmitter aboard as do our 
own satellites. This system must be geared to fact detection, communication, 
and decision although the data may be of considerably lower quality than 
needed for R. & D. work. This system can definitely make use of data from 
other fields. 

The third area is that of weapon system classification. General Schriever’s 
testimony stresses the fact that parts of an operational military space system 
are integral parts of that system and that the agency responsible must have 
the authority to control all of the elements peculiar to that system, but that 
minor modifications to the equipment may provide some side benefis for research 
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and development. The problems of coordination in this area stem from conflict 
of use, from priority, and from security limitations. 

The remaining area, facilities for R. & D. use, consists of stations for military 
R. & D. and for civilian science programs. However, in some cases, such as 
Project Transit, the military R. & D. on the project is done with the same 
tracking and data acquisition system to be later used for the actual weapon 
system operation phase. This affects the availability and security aspects of 
the problem. 

The stations under the cognizance of the NASA are for an unclassified civilian 
science program. Most of these stations belong to a net of electronic tracking 
stations and a net of optical tracking stations which supplement and complement 
each other and are the workhorses of the satellite tracking program. Almost 
without exception, every military space firing has made use of data from these 
stations. 

Last fall a coordinating group from DOD and from the NASA had a series 
of meetings to study the requirements, to assess existing capabilities and to 
recommend a program. This resulted in an agreement signed by Mr. McElroy 
and Dr. Glennan on the results of the committee’s work, specifying certain addi- 
tional stations and discussing and specifying the joint use of data from all the 
Stations. 

This Joint DOD-NASA Committee has reviewed the current program, and 
scheduled cross-use of particular facilities. 

The complete space tracking facilities program, not just in the R. & D. area 
but in all the other areas mentioned above, except certain parts of the intelli- 
gence area, is under review by this committee. In the short period of its opera- 
tion this group has done an effective job of matching new requirements of each 
agency With both capabilities and plans of the other. The group has also taken 
steps to effect economy in time, effort, and expense through joint discussion 
and recommendation on operational problems and standardization. Attached 
are several addenda which set forth the area of responsibility and operational 
guide lines for the Joint DOD-NASA Committee. 

Although this committee has the job of reviewing all tracking and data acquisi- 
tion plans which are over $250,000, there is a limit to the interchange of data 
or cross use of facilities which can be accomplished because of the previously 
mentioned conflict of use, of priorities, and of security. The committee is evalu- 
ating all these elements for the Secretary of Defense, and the Administrator of 
NASA. There is no question that the committee can do a better job of coordina- 
tion than could a military organization having a heavy missile program and 
heavy operational weapons system requirements of its own. 


AppENDUM I, AREA OF RESPONSIBILITY OF SPACE FLIGHT GROUND FACILITIES Boarp 


The responsibilities of the NASA-DOD committee on space vehicle tracking 
shall be to study and monitor, on a continuing basis, the national requirements 
for satellite and space vehicle ground instrumentation for the purpose of insur- 
ing an effective and economical national program. In this connection, the 
committee shall: 

1. Review all proposals by government agencies for new ground instrumen- 
tation facilities intended for tracking, data acquisition, and communications, 
where such facilities require establishment of new tracking sites or where a 
total Government investment of more than $250,000 is involved. 

2. Recommend which agency or organization should have responsibility for 
funding, constructing, and operating ground instrumentation facilities. 

3. Review annually the national budget requirements for global tracking, data 
acquisition, and communications facilities. 


ADDENDUM II. OPERATIONAL GUIDELINES 


The NASA will fund, construct, and manage facilities needed for tracking, 
data acquisition, and communications support of scientific or basic R. & D. 
programs, including facilities needed primarily for support of basic scientific 
satellites, applied scientific satellites, manned space vehicles, and space probes. 
The Department of Defense will fund, construct, and manage facilities peculiar 
to or primarily associated with the development of weapons systems, military 
operations, or the defense of the United States. Within this context, the com- 
mittee shall be guided in its work by the following policies: 
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1. New facilities should be built only when the following criteria are met: 
(a) Existing facilities are inadequate. 
(b) The space flight programs for which the facilities are required are 
relatively firm. 
(c) Adequate study or research and development has been done to indi- 
eate that the facility is technically feasible. 
2. Sites and facilities should be planned to support as many different programs 


as practicable. 


3. Common site, common logistic support, common communication facilities, 
ete., shall be used wherever feasible. 

4. Site management may be either by DOD or NASA, depending in each 
instance on consideration such as: which agency has primary need for the site, 
which agency is best suited to deal with the governmental authorities involved, 
= h agency has land, facilities, or personnel already available, etc. 

The instrumentation and communications equipment located on a given 
site shall be owned and operated by the agency which has primary need for 
the equipment, regardless of which agency manages the site. 

6. Each agency shall make available to the other, to the maximum extent 
feasible, such assistance as may be required in the study, planning, design, 
development, or operation of its facilities and programs. Each agency shall 
make the facilities under its control available for support of the other’s programs 
where such support is feasible. 

7. In those instances where the NASA-DOD committee cannot reach agree- 
ment as to funding or management, the issues shall be clearly outlined and 
submitted to the Administrator, NASA, and the Secretary of Defense for a 
decision. 

Dr. Drypen. One other comment I want to make at this point. 
This agreement. contemplates apparatus owned by NASA and by 
Defense on the same station. 

Senator STENNIs. Yes. 

Dr. Drypen. on I have gotten the idea across in other places 
by pointing out that a dish can look at only one thing at one time. 
In other words, we cannot be satisfied with a situation where we 
have only a single dish which may not be available to look at our 
satellite when it is up there. 

Now the networks are the same. The real estate is the same, but 
we may have equipment on a Defense station and they may have a 
speci ial piece of equipment on one of the stations that we are man- 
aging. The whole thing is tied together in this communications 
network and you have two places to feed off special classes of infor- 
mation. 

Senator Srennis. All right. Senator Martin, did you have any 
questions ¢ 

Senator Martin. I gather from this testimony that this is a point 
beyond which you cannot go in the elimination of duplication ? 

Dr. Drypen. Yes. 

Senator Martin. And then there is a point where you must elimi- 
nate duplication. 

Dr. Drypen. There are two jobs to be done. It would be foolish for 
us to have rival stations all over the world, rival communications. 
This wouldn’t make any sense, but we do say that, since we have a 
separate job from the military, we may have to put ina special track- 
ing arrangement at any sti ition and get the results communicated and 
also that we are looking at the mass of data for a different purpose. 
We have then to do our own computing of it separately from the 
national defense. 
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Senator Stennis. Senator Smith, who couldn’t be here just at this 
moment, was interested in this. I know at the last hearing she said, 
on page 30 of this year’s hearings in February : 

Dr. Glennan, you have mentioned the necessity for bringing back to a central 
distribution point the records collected by the worldwide network of tracking 
stations. 

In view of the point of the variety, what are you doing about the coordinating, 
the collecting, the collating, and the analyzing of all of this? 

Dr. Glennan said: 

This is going to be a very real task, actually, because in some of these experi- 
ments we get many miles of tape. 

The problem is under study at the present time in our organization, how can 
one perhaps use sampling techniques so that one doesn’t have to look at eVery 
foot of these tapes. 

I just call that to your attention here to get Senator Smith’s think- 
ing on the subject and your response thereto, Doctor. Is there any- 
thing further that any of you want to add on this before we go to 
another item ? 

Dr. GLENNAN. I think not. 

Senator Stennis. All right, then; the next item, please. 


VEHICLE DEVELOPMENT 


Dr. GLENNAN. The next item, sir, is the vehicle development and 
at this point, pages 286 through 294 of the justification book should 
be placed in the record. 

Senator Srennis. All right. The reporter will put those into the 
record. 

Proceed. 

(Pp. 286 through 294 of the vehicle development justification are 
as follows:) 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
Fiscal year 1960 estimates 


Scout space flight vehicle: 
enc ti iar tenders dt Sa $6, 048, 000 
RD SINE SI inst taiddcssiccaanentnlncit cetebtiesscncadancsin Saale 2, 000, 000 


1. OBJECTIVES 


To develop a highly reliable, versatile, and inexpensive vehicle to extend 
capabilities for aerodynamic and space research. 


2. JUSTIFICATION 


A review of the various scientific experiments to be performed over the next 
several years has indicated the need for highly versatile, reliable, and inexpen- 
sive vehicles which can be launched with minimum facilities and which can be 
used to conduct a wide range of scientific experiments. These experiments in- 
clude placing a variety of scientific payloads into 300—500-mile orbits, high- 
altitude probes, high-velocity reentry tests, advanced heating and ablation 
studies, and many similar type experiments. A study of the existing available 
vehicles indicates they are all complex and costly, and not fully optimized for 
the kind of mission and use described above. 

The Scout vehicle is a natural extension and evolution of the multistaged 
solid-propellant rocket systems that the Langley Research Center has been de- 
veloping over the last 10 years for high-velocity aerodynamic and reentry re- 
search studies. The solid-propellant rocket systems have demonstrated a very 
high degree of reliability in operation. The systems also combine simplified 
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logistics and handling inherent in solids so that a reliable and inexpensive vehi- 
cle can be achieved. 

The Scout vehicle consists of four solid rocket stages whose performance is 
representative of current advanced state-of-the-art solid propellants. It will 
have capabilities for launching payloads of 150 to 200 pounds in circular orbits 
at 300 miles; for placing 100-pound payloads at about 5,000-mile altitudes; for 
achieving very high velocity reentry (>30,000 ft./sec.) ; and for use in space 
target identification and guidance system evaluation. 

The use of solid propellant motors, the simplicity of components, and the 
simplicity of launching and handling techniques will allow launching of the 
vehicle from a variety of sites including the NASA’s Wallops Island station. 
Handling and launching costs should be greatly reduced. 


3. PROGRAM PHASING 


There are four major areas of development in the Scout: The propulsion 
system, the guidance system, the airframe, and the launcher. Contracts for the 
development of all four areas have been initiated in the fiscal year 1959. Fiscal 
year 1959 funds will be used for the major phases of development of these 
components including the procurement of eight sets of propulsion systems, four 
guidance systems and airframes, and one launcher. Four guidance systems and 
four airframes will be procured with fiscal year 1960 funds. 

It is anticipated that first-vehicle valuation flight test will be conducted in 
early 1960. Basic vehicle evaluation should be completed by summer of 1960 
with the firing of three vehicles. The five remaining vehicles will be used with 
specific payloads to carry out useful research programs and to obtain data on 
vehicle performance. 

4. Program costs 


Fiscal year | Fiscal year 
1959 1960 


Prototypes and operational hardware: 
Propulsion (includes delivery of 8 units)................---..---------.-- $3, 400, 000 $200, 000 


Guidance and controls (includes 8 units) . -......-...-.-----.------------- } 850, 000 300, 000 
Airframe and launcher (includes 8 airframes) - --.--.....-.---------.----- | 1, 500, 000 300, 000 
Operations and technical services: Vehicle flight qvaiiieh?...-. 2... pes Su 1, 000, 000 
Supplies, equipment, repairs, and alterations: Vehicle and component evalu- | 
CUB. 5 dh acd talnsewodctnGibescccvick aida daiahiiedsbes voit aceeed 298, 000 200, 000 
TD So. nde crates tiek witangcaaeiemannne estan ease teataeee | 6, 048, 000 | 2, 000, 000 





Delta space flight vehicle: 


MIN We I csc ip eens Snedeip rg a liga oa cee $13, 800, 000 
CRE “CORE Placita ee oni ee er algal . 13, 300, 000 


1. OBJECTIVES 


To provide a reliable interim space flight vehicle for small payload satellites 
and very small payload space probes, replacing the present Thor-Able, Juno II, 
Jupiter C, and Vanguard vehicles. 


2. JUSTIFICATION 


Space projects to date have utilized vehicles that have been adapted from 
military ballistic missile boosters. While providling valuable interim service, 
most of these vehicles suffer from technical limitations that restrict their de- 
sirability for long-term application as space vehicles. 

The Delta space flight vehicle will replace the small-payload vehicles cur- 
rently in use. It will be similar to the Thor-Able, but will have a coast-phase 
altitude control system, permitting higher injection altitudes- Delta will be a 
three-stage vehicle in which the first stage will consist of a production Thor 
missile with the nose cone and guidance unit removed. The second stage will 
consist essentially of the Vanguard second stage with an improved radio-in- 
ertial guidance system of higher accuracy. The third stage will be a solid- 
propellant rocket motor developed for Vanguard. 

The Delta vehicle will be applied to a number of satellites and space-probe 
projects. It will have a payload capacity of 300 to 500 pounds for satellite 
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applications and up to 75 pounds for probe shots to the vicinity of the moon. 
Delta will be useful for both inclined and polar orbits and will be launched 


from either the Atlantic or the Pacific Missile Ranges as desired. 
3. PROGRAM PHASING 


The Delta program is divided into five parts: (1) Fabrication and test of the 
modified Able second stage; (2) procurement and test of the BTL guidance 
system; (3) modification of the Thor boosters; (4) integration of the complete 
Delta; and (5) preparation and launch. Funding for this program, including 
the procurement of 12 vehicles, will be initiated in fiscal year 1959 and con- 
tinued in fiscal year 1960. 


I 


}. Program costs 








Fiscal vear iscal year 
| Fiscal Fiscal 
| 1959 1960 
Scientific and technical studies: Integration and reliability studies -..--- ul SOO OP bcc oink 
Prototvpes and operational hardware: Thor boosters, 3-stage rockets, vehicle | 
_ design and manufacturing, and ground service equipment secesscnsascn| 56,0) GUN $8, 300, 000 
Operations and technical services: Range and launching services - -..........}.--.--.-------| 5, 000, 000 
a ih cc ceo cR AO bweeeeseeseabes at pie | 13, 800, 000 13, 300, 000 
Vega space flight vehicle: 
NR a i __.. $22, 800, 000 
Pe NN I ise i sasncs dee na. ccc bape edn anae ue anhabssccupinnabis 42, S800, 000 


1. OBJECTIVES 


To provide the first general purpose vehicles in the national space vehicle 
program. The Vega will be capable of a variety of civil space missions and will 
also be available as a backup vehicle for several military space missions. 


2. JUSTIFICATION 


The Vega is intended to be used as either a two- or three-stage vehicle. Some 
missions, such as Project Mercury, require only two stages while higher per- 
formance is required for lunar and space probes. The first stage will be a 
modified R. and D. Atlas. (The modification will consist principally of chang- 
ing the forward tank.) The second stage will carry liquid oxygen and kero- 
sene as propellants and will use existing Atlas tooling. The second stage will be 
powered by the Vanguard first-stage engine, which will be modified to take 
advantage of altitude operation. The third stage, when used, will utilize stor- 
able propellants; this stage is currently under development by the Jet Propul- 
sion Laboratory. 

The first launch of the Vega general purpose vehicle is scheduled for the fall 
of 1960. Its planned payload capability of 5,000 pounds in a 300-mile earth orbit 
will permit the use of highly sophisticated communications and meteorological 
satellites. Vega may also be used as a second vehicle in the Project Mercury 
series to establish a manned orbiting space laboratory capable of supporting 
two men for several weeks. The Vega vehicle will provide a capacity adequate 
to permit 800 pounds to be carried to the near vicinity of the Moon. This pay- 
load should permit carrying sufficient instruments and transmitting equipment 
to investigate the Moon’s magnetic field and to determine whether or not the 
Moon is surrounded by radiation belts similar to the Van Allen radiation belts 
surrounding the Earth. The lunar surface radioactivity and the vestigian at- 
mosphere could also be examined. It should also be possible to employ the 
Vega to take high-resolution photographs of the hidden far side of the Moon 
and by an electronic scanning technique, to transfit the resulting photographs to 
receiving stations on the Earth. Vega is the first vehicle suitable for attempting 
a close approach to Venus or Mars. 


3. PROGRAM PHASING 


The Vega program is divided into five parts: (1) Development and testing of 
the modified Vanguard engine; (2) modification of the Atlas booster; (3) de- 
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sign and fabrication of the second stage; (4) integration of the Vega vehicle; 
and (5) testing and launch. Funding for this program, including the procure- 
ment of eight vehicles, will be initiated in fiscal year 1959 and continued in fiscal 
year 1960. 

j. Program costs 


| Fiseal year Fiscal year 
1959 | 1960 
i 
| 


} 
| 
| 
} 
| 


Scientific and technical studies: Performance analyses and system integration $2, 000, 000 $4, 500, 000 


Prototypes and operational hardware: Atlas boosters, 2d- and 3d-stage design | 
and manufacture, and ground service equipment . ‘ -| 20, 800, 000 38, 300, 000 
} 
| 


BO siccdateseds Si depuatdadannrtins 22, 800,000 | 42, 800, 000 


Centaur space flight vehicle: 


Braseeea) We a i iss cect i eect ke Seamer ee 
Wises! wear TOG 302 26 ea Se ee ee $41, 000, 000 


1. OBJECTIVES 


To develop a general purpose space flight vehicle employing a high-energy fuel 
in fuel in an upper stage. 
2. JUSTIFICATION 


The technical direction of Project Centaur, initiated by ARPA in the fall 
of 1958, will be transferred to NASA on July 1, 1959. Centaur is a two-stage 
vehicle whose first stage is an R. and D. Atlas missile of the type used in the 
Vega program. The modified Atlas vehicle consists of an operational Atlas with 
the cone frustrum portion of the liquid oxygen tank replaced by a cylinder. 
Changing the forward end of this tank permits the upper stage to be the same 
diameter as the Atlas vehicle. Between the lower and upper stages is a struc- 
tural adaptor that is attached permanently to the lower stage. The upper stage 
is mounted on top of the adapter which is jettisoned with the modified Atlas 
booster. This high-energy stage is powered by two rocket engines. Sets of 
hydrogen peroxide rockets are utilized for upper stage attitude control during 
the coast period. The use of high-performance propellants permits a gain in 
payload weight of approximately 50 percent over Vega for similar missions. 
Advanced missions, such as planetary probes, would require the use of a third 
stage. 

The most important application for the Centaur vehicle will be to place a com- 
munication relay into an equatorial orbit having a period of 24 hours, to permit 
the satellite to hover over one spot on the earth’s surface. The first six vehicles 
will be devoted to achieving this end. The early flights will be heavily instru- 
mented and refinements dictated by the results of analysis of early test flight 
data will be incorporated into the later vehicle configurations. The final 
equatorial 24-hour circular orbit will require the second-stage engine to be 
fired a total of three times. The launch direction for the booster phase will be 
selected so that the early portion of a low-altitude parking orbit will cross the 
equator. At this point the second firing of the upper-stage engines will increase 
the vehicle’s velocity to place it into a transfer ellipse, the second stage being 
reoriented so that the third firing will provide the velocity for a circular orbit 
and a change in plane from the transfer ellipse to the equatorial plane. Centaur 
will be capable of a lunar soft landing and subsequent investigation of the 
lunar surface, atmosphere, and internal structure. 


3. PROGRAM PHASING 


The first flight of Centaur is scheduled for 1961. Development of the vehicle 
and engine is in progress. The program is in five parts: (1) Design, develop 
ment, and fabrication of the engine; (2) modification of the Atlas booster; (3) 
design and fabrication of the second stage; (4) integration and testing of the 
complete Centaur; and (5) preparation and launching. Funding for this pro- 
gram, including the procurement of six vehicles, will be initiated in fiscal year 
1959 and continued in fiscal year 1960. 
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4. Program costs 


Fiscal year Fiscal year 
1959 1960 


Scientific and technical studies: 


Analyses and experiments to prove use of high-energy fuel pie : $2, 500, 000 
Vehicle design and integration studies. -- = anne Z 1, 500, 000 

Prototypes and operational hardware: Atlas boosters, 2d-stage vehicle de- 
signs and manufacture, and ground service equipment______- ‘ 37, 000, 000 
cn bdindcits dah cncuniiaiieldiiniaeleteduhunwccdkbaatedeniieinilicalkintbicleseins 41, 000, 000 


Dr. GLeNNAN. This covers, Senator Stennis, the development of 
four vehicle systems. They have been discussed in your committee 
report on pages 16 through 18; pages 215 to 217; pages 24 to 26; and 
pages 105 to 106. 

The Scout we ask for $2 million to complete work on a solid rocket 
multistage vehicle which will be used principally from our Wallops 
Island Station. This is a device which should be very substantially 
cheaper as a launching vehicle for payloads up to, say, 150 to 200 
pounds, sometimes known as the poor man’s space vehicle. 

The Delta has been described before as a more sophisticated Thor- 
Able vehicle where we have inserted coasting guidance and improved 
the capability of that rocket to somewhere around 250 to 300 pounds. 
Development and procurement of some 12 Delta vehicles has been 
initiated this year with an expenditure of about $13 or $14 million and 
some additional funds in the neighborhood of $13.3 million are asked 
for in the next year 

The Vega vehicle is a vehicle which utilizes the first stage of the 
Vanguard, modified on top of an Atlas with a third stage liquid rocket 
under development by the Jet Propulsion Laboratory. This is the 
vehicle which it will finally give us, and we hope within 15 months’ 
time, and the sort of capability which has been demonstrated by the 
Russians and, indeed, it should be in excess of their capability thus 
far. It should permit placing about a 5,000 payload in a 300-mile 
orbit or about 800 miles into the vicinity of the moon. Here we are 
asking for $42.8 million which should get us along with the develop- 
ment of some eight of these vehicles. Hopefully, the first of these 
will be in use in the latter p rart of 1960. 

Senator STennis. 1960? 

Dr. GLENNAN. That is right, sir. 

Then the Centaur which is a program which thus far has been under 
the general direction of the Air Force, will be transferred to us for 
funding and management purposes as of July 1, this year. This is a 
program which will go along in consort with and close coordination 
with the Vega vehicle; the same contractor is used because we are 
using an Atlas as the base booster. Here, for the first time, we will have 
a rocket with high energy propellants, with liquid oxygen as the pro- 
pellant. The sum of $41 million is required to move along with it. 
This is a vehicle which will have very great importance in the military 
programs as well as in ours. Indeed, its first significant mission is, I 
believe, in connection with the communications satellite of the mili- 
tary departments. Here we will have a real, close coordination in a 
project management team overlooking both the Vega and Centaur 
vehicles in one. 
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If there are no further questions on this, I suggest Mr. Wyatt give 
you an explanation. 

Senator Stennis. All right, Mr. Wyatt, is there anything further 
you wish to say by way of summary or explanation / 

Mr. Wyarr. No, sir; I will be available for any questions. 

Dr. GLENNAN. Mr. Chairman, there will be somewhat more detailed 
comment on this in our executive session. 

Senator Stennis. Yes. Mr. Lehrer called my attention to a state- 
ment here in the Space Business Daily. It says: 

Russia is willing to export sputnik satellites to the West, according to Deputy 
Premier Mikoyan, but he says he doubts anyone would want to buy them. In 
his words, there is no profit in them, only glory. 

Now, seriously I thought you might want to buy one of those to see 
just what he has there. 

Dr. Drypen. Not much good without the rockets. They have been 
exhibiting the sputnik itself and our people have pictures of it. 

Senator Stennis. This doesn’t propose it go any further than what 
they have already exhibited. 

Dr. Drypen. Not as I read it. 

Dr. GLENNAN. The sputnik relates to the payload part of it. What 
we would love to buy from them is the rocket. 

Dr. Drypven. It would provide means of putting it up and if they 
would sell it to us 

Senator Srennis. I saw these sputniks on exhibit in Moscow. I 
didn’t know how far it went. I saw the form, but it’s very impressive. 

Dr. GLENNAN. It is that. 

Senator Stennis. And I was walking around there looking at three 
of them with my mouth open, just like everyone else. 

Dr. Giennan. Was that out at the industrial and agricultural 
exhibits? 

Senator Stennis. Yes. You say now that what you want is the 
rocket. Just what do you think of the power unit, and all that? Just 
what do you think of this quote from Mikoyan and have you followed 
up on it—have you got it ? 

Dr. Guennan. No, I haven’t, but I think we should have it. What 
is the date of that? 

Senator Stennis. Well, this publicattion is dated May 19, 1959. 

Dr. Drypen. I haven’t read it yet, although it is probably on my 
desk. 

Dr. GLENNAN. We will take a look. 

Senator Cannon. I would ask if they had a catalog of those items. 
[ Laughter. ] 

Senator Stennis. It certainly could hold possibilities if we had 
the rocket, but it would seem to me that you would also want to buy 
the tracking equipment. 

Dr. GLENNAN. No; we could take care of that. 

Senator Stennis. I mean you would want to know about theirs, 
wouldn’t you? 

Dr. Guennan. You could put any kind of frequency device on it. 

Dr. Drypven. ‘Abinitreck only weighs 2 pounds, 

Senator Stennis. All right; we will go into this further, the ve- 
hicle development items. We will discuss that in executive session. 

I propose, if it is agreeable to the committee that we run until 
12:30. Is that all right: with you, Doctor ¢ 
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Dr. GLENNAN. Yes, sir: I think we can cover this construction and 
equipment program. 


CONSTRUCTION AND EQUIPMENT 


Dr. GLENNAN. We may now turn to pages 301, 302, and 322 through 
397 of the justific ation book and I will ask Mr. Abbott to discuss 
that. 

If you would put these pages into the record he can then discuss it. 

(Pp. 301, 302, and 322 through 397, construction and equipment 
justification, are as follows :) 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


Construction and equipment programs, fiscal years 1959 and 1960 
Fiseal year 1959 


Fiseal year 
1960, regular 


Supple- estimates 
Appropri- mental 
ated estimates 
Langley Research Center, Hampton, Va.: 
Alterations to the thermal structures tunnel. - $745, 000 
Analytical computing equipment. : 2, 645, 000 
Conversion of gust tunnel to noise-research 1: iboratory ‘ 315, 000 
Conversion of test cell to noise-test facility. 290, 000 
Heater and vacuum system for gas-dynamics ]: iborator y- 585, 000 
Total a bhbaoeh : $11, 350, 000 4, 580, 000 


Ames Research Center, Moffett Field, Calif 
Data-reduction ce nter J 2, 505, 000 
Mass transfer cooling and aerodyn: amies fac ility 4, 050, 000 


Total. _- i ‘ 3, 720, 000 6, 555, 000 
Lewis Research Center, Cleveland, Ohio 
Ion and plasma jet facility 6, 000, 000 
Zero-power reactor __ ‘ ‘ 605, 000 
Inpile loop ; 250, 000 
Land acquisition 5, 000 
Total. 7, 800, 000 6, 860, 000 
High-Speed Flight Station, Edwards, Calif.: 
Building additions -- i ‘ 7 See ee 955, 000 
Analog computing equipme nt z 350, 000 
Terminal guidance facility 1, 500, 000 
Total... eet eebannnee 2, 805, 000 
Space Projects Center, Beltsville, Md: 
Central flight-contro] and range-operations building --__- bodes 3, 300, 000 
Space-sciences laboratory ‘ ot tees : 6, 000, 000 
Instrument construction anc installation laboratory a 3, 700, 000 
Utility installations._..... ~~~ he es tia neil suekea 1, 000, 000 
ae _ ine 3, 937, 000 14, 000, 000 
Pilotless Aircraft Station, W allops Island, Va 21, 193, 000 ‘ 


Jet Propulsion Laboratory, Pasadena, Calif.: New facilities, 
improvements to existing facilities, and approximately 70 
acres of land ean ; f peas $9, 000, 000 os 

Pacific Missile Range, Point Arguello, Calif.: Launching fa- | 
cilities including flight-vehicle asse nbly and checkout facil- 
ity with equipment for special experiments oo : 3, 000, 000 


Various locations: 
Global range tracking and communication facilities and 


equipment $< Fai | 12, 050, 000 10, 000, 000 
Facilities for Rover program - ae cis i i 2, 000, 000 
Propulsion-development facilities - -- snseecie mane Mi 3, 200, 000 8, 000, 000 

ES ae Ss et aboncenuea eae ten ; : 15, 250, 000 20, 000, 000 


to 


Total program. .-_----- Seis aetna oe ‘ 48, 000, 000 24, 250, 000 “57, 800, 000 
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Fiscal year 1960 estimates, construction and equipment—Summary 


Estimated 


cost 
Langley Research Center, Hampton, Va__...-_-------------~----- $4, 580, 000 

Alterations to the thermal structures tunnel_____~~- $745, 000 
Analytical computing equipment________----_-_-- 2, 645, OOO 
Conversion of gust tunnel to  Nnoise-researc “h 

SOR REIG oeiicsic aie cei dentine et aad 315, 000 
Conversion of test cell to noise-test facility________ 290, 000 
Heater and vacuum system for gas-dynamics 

NNN Ostia Sc asin ep mela ae tine ad visa 585, 000 


Ames Research Center, Moffett Field, Calif....-.._-______ 
Peta-,eGertion: COMP. ii i ee 


eee 
_ $2, 505, 000 


Mass transfer cooling and aerody namies facility 4, 050, 000 
Lewis Research Center, Cleveland, Ohio_..........._________ _.. 6, 860, 000 
Ion and plasma jet facilities__.___________~- _.._... $6, 000, 000 
PIPODOWOE - WORE COR iris ieee $2 605, 000 
I Nn un mcinieh akan 250, 000 
Land acquisition_____-~ aaa te eee 5, 000 
High-Speed Flight Station, Edw: ards, ( ‘alif essen tsaiiedtataecsomanthareemeeaaene 2, 805, 000 
Ca TO TR a pe ae ES ee $955, 000 
Analog computing equipment________-___________- 350, 000 
‘Terminal omeance Tacwity...c «22. eee 1, 500, 000 
Space Prayects Center, ' Henaville, Mae 2 ee 14, 000, 000 
Central flight-control and range-operations 
pie Fe. Bo oes 8 a eee $3, 300, 000 
Space-scienées lnboratory...._....2- 2 Lecce 6, 000, 000 
Instrument construction and installation 
DOT a si i it oi densa cared aeciglia eb bleNaliaiane a 3, 700, 000 
CREO RNG ate ee a eee 1, 000, 000 


Pacifie Missile Range, Point Arguello, Calif...._...___.._--____-_____ 
Launching facilities including flight-vehicle assem- 
bly and checkout facility with equipment for 


w 


, 000, 000 


SO ee en i asc setts lc ec nian eines $3, 000, 000 

NU cae eee recite eee 20, 000, 000 
Equipment and instrumentation for global ranges__ $10, 000, 000 
Facilities for Rover program_____.---..-----_-~-- 2, 000, 000 
Propulsion-development facilities___._.___.___.--__-- 8, 000, 000 


Patek Dromreiies e A ee Bees aaa bee cea ese aaa 57, 800, 000 


LANGLEY RESEARCH CENTER, FIscaL YEAR 1960 ESTIMATES 


ALTERATIONS TO THE THERMAL STRUCTURES TUNNEL 


1. Description 


This project covers alterations to the diffuser and the nozzle-entrance section 
of the 9- by 6-foot thermal structures tunnel. The diffuser length will be in- 
ereased 100 feet and a variable second throat and control equipment will be 
installed. An additional heat-barrier door will be installed upstream of the two 
existing heat-barrier doors and a pressure sealing system will be installed 
in the entrance section at the point where the existing doors fair into the super- 
sonic nozzle. 


Justification 


The present supersonic nozzle produces severe shocks and boundary-layer 
separation during the transition from subsonic to supersonic flow at the be- 
ginning and end of each test run. The excessive loads imposed upon research 
models during this transition phase have damaged and’ destroyed expensive 
research models designed for test in the less severe conditions encountered 
at supersonic speed. The research utilization of the facility is restricted by 
this limitation on model design and construction. In addition, the high starting 
pressure required by the present diffuser results in a minimum dynamic pres- 
sure of 3,200 p.s.f. Increased emphasis on structures for hypersonic aircraft 
and space vehicles requires investigations in the range of dynamic pressures 
below 3,200 p.s.f. for the establishment of flutter boundaries and in the investi- 
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gation of the effects of aerodynamic heating on aeroelasticity. The proposed 
alterations to the diffuser will reduce the severe starting and shutdown transient 
flow conditions and at the same time extend the operating range of the facility. 
The reduction of starting-pressure requirements will permit operation at dynamic 
pressures between 1,300 and 5,000 p.s.f. 

The alterations to the nozzle-entrance section will improve the uniformity of 
temperature distribution of the flow in the test section and thereby improve 
the test conditions. Also, the operating characteristics of the present heat- 
barrier doors will be improved and leakage of hot air into the nozzle and test 
section between test runs will be eliminated. 


38. Cost estimate 


Nozgle-entrance section alterations....................ii..-..---5s5- $29, 000 
Diffuser extension and variable throat .......-._----_--_-----~+--- ___. 680, 000 
RS TE an edie Leip netinek snes 36, 000 

OT I iii isl whi an ects aidan ea aaa 745, 000 


4. Construction schedule 
Total estimated completion time: 30 months. 


ANALYTICAL COMPUTING EQUIPMENT 
1. Description 

It is proposed to install additional analytical computing equipment in the 
data-reduction center and to replace existing worn and obsolete equipment. 
The project includes new analog computer consoles and digital computing 
equipment. Transmitting and receiving equipment will be. installed for wire 
connections to test facilities, such as simulation devices, at remote loca- 
tions. 


2. Justification 


It has become increasingly apparent that the present analog computing facility 
is inadequate to handle the present research workload. The situation is be- 
coming more critical due to increased emphasis on real time simulation studies 
and the increased complexity of these simulations. Much of the present equip- 
ment is incapable of performing nonlinear operations on a real time basis with 
sufficient accuracy. The present computing system is not designed for handling 
large-scale problems efficiently. 

The additional analog computer consoles and associated equipment requested 
in this project are necessary to handle large problems on a real time basis; 
the equipment will solve equations of motion for a complete six-degree-of-free- 
dom airframe with nonlinear aerodynamics, nonlinear defining equations, and 
additional degrees of freedom for automatic stabilization and control. More 
specifically, the equipment is required to handle the complex problems of high- 
speed airplane and missile stabilization and control in exit and reentry flight 
conditions. The equipment will also be used in investigations involving mockups 
of control systems with fixed cockpit simulators as well as with simulation 
equipment located outside the data-reduction center. 

As expansion of existing analog consoles will handle the increasing complexi- 
ties in heat-transfer and structural-vibration problems, and the increasing work- 
load in such landing-loads projects as impact-landing-gear responses, rough- 
runway-taxiing problems, and automatic-landing studies. 

Repetitive-type analog equipment is ideally suited for rapid optimization 
of problem parameters occurring, for example, in autopilot investigations. Such 
studies are relatively slow on the regular analog equipment and do not require 
the accuracy of regular analog machinery. The project includes the acquisi- 
tion of repetitive-type equipment to be used for checking out new analog cir- 
cuits and reducing scaling problems prior to placing a large problem on the 
regular and more expensive equipment. 

Automatic plotting machinery is also needed for plotting digital computer 
results (trajectories, transient responses, etc.). This machinery will permit a 
tremendous reduction in manual effort. 

Analog-to-digital and digital-to-analog conversion equipment is required to 
permit the combined use of digital and analog equipment for large projects. 
Problems of flight interception and navigation and control can be solved very 
efficiently by the combination of analog and digital machinery. Many equa- 
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tions, such as axis transformations, are better handled on the digital computer, 
while the missile or airplane equations of motion are better handled on analog 
machinery. By the combination of the two computer types, investigation of 
complex systems can be carried out, obtaining the accuracy of the digital equip- 
ment when necessary and still maintaining the speed and flexibility of the 
analog equipment. 
8. Cost estimate 
Analog equipment: 


Computer consoles and associated equipment_____-_____-_--~-- $1, 450, 000 
Tipirieiets: OF CINEINS: CONMOIO ooo iis imincennieanmebeen 250, 000 
Repetitive-type computing equipment______---____-__-__-_--_. 150, 000 
Wire transmission and receiving equipment___________________ 80, 000 
Os MEI, OCT anos dent iscsi ep etic ernie riemnsaaueetel 1, 930, 000 
Digital equipment: Automatic plotting machinery___--_-__-_-____~__ 160, 000 
Analog-digital converter and associated equipment__________-__--_ 500, 000 
RRO « SAE TIGR acts eee nitliiinte Rinses cceniaienincaloaianmeiae 5d, 000 
PORE COREE CORK ia cceecnimsicnmein chennai 2, 645, 000 


4. Construction schedule 
Total estimated completion time: 14 months. 


CONVERSION OF GUST TUNNEL TO NOISE-RESEARCH LABORATORY 
1. Description 


This project proposes the conversion of the space now occupied by the gust 
tunnel to a noise-research test chamber having highly absorbent walls and a 
working area of approximately 23 by 21 by 21 feet. An air supply of 200 
pounds stagnation pressure and a mass flow capability of 25 pounds per second 
will be provided for the operation of test air jets, both subsonic and supersonic 
up to 6 inches in diameter and at temperatures up to 1,000° F. An exhaust 
stack with muffler will be provided for the exhaust air to escape to the outside. 
A muffled intake system is proposed for scavenging air. Special research in- 
strumentation and air controls are included. 


2. Justification 


A controlled acoustic environment is of particular need in research requiring 
low background noise levels and a minimum of reflections, as in transmission 
studies and in studies of isolation of sensitive equipment. A controlled en- 
vironment is also needed for studies of such special noise sources as the jet- 
augmented flap where the noise-radiation patterns are not axially symmetrical. 

The proposed modification will make it possible to conduct noise-source 
studies in the far field on models of jets and rocket engines having exit diam- 
eters of up to 3 inches and in the near field on models of jets and rocket engines 
having exit diameters of up to 6 inches. There would be provisions for studies 
of the stress responses and transmission phenomena of both plates and shells 
subjected to random noise in a controlled acoustic environment. 

In addition to the capability for handling many important physical acoustics 
problems, there will also be provided the capability for studies of the effects of 
noise on man. 

3. Cost estimate 


is CI iii sc cca ccna need bas einen aie $100, 000 
ares GION 8 no Oe 2 sit Ar pieiteeeneaeieretaanen 34, 000 
Dense HPRSRTETS CONGIO! SYSTEM... Qn oe ik cece 69, 000 
One TET aii ns sce es ccc ee ace coast ennai 16, 000 
BR CII seis chica: eo-cnaicesinentictnnscdnndeashieminmniindoagetausgeaatnean 8, 000 
PROGR OE VORA GION 5 ei hc eh ce dit AEE eee 7, 000 
Tustrumontetiolin ao ce 2 ee elena eed 81, 000 

Total wntinsted -00ebs 6066 6s en hie ne Be 315, 000 


}. Construction schedule 
Total estimated completion time: 9 months. 
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CONVERSION OF TEST CELL TO NOISE TEST FACILITY 


1. Description 
It is proposed to modify a test cell at the internal aerodynamics laboratory, 
now being used on a part-time basis for noise tests, to a high-intensity-noise 
facility for research on effects of high-intensity noise on structure and equipment. 
The project includes the following items: 
(a) Addition of burning to present cold jet so as to raise noise level from 
157 to 170 db. 
(0) Addition of features for shaping the spectrum of the jet noise and 
increasing the working test area of maximum intensity from approximately 
2 square feet to about 10 square feet. 
(c) Provision for a siren which would replace the present obsolete siren. 
The present siren has a capability of 157 db. over a 1-square-foot area. The 
new siren would have a capability of 175 db. over approximately a 10-square- 
foot area. 
(d@) Provision of means for testing of structures under conditions of com- 
bined noise, high temperatures, and airflow. 
(e) Provision for additional soundproofing for protection of the operating 
crew. Present working conditions are poor and border on limits of ear 
damage for prolonged exposure, 


2. Justification 

The major purpose of the proposed project is to provide a facility for research 
on the effects of every high intensity noise on structures and equipment. <A 
secondary purpose is to provide a controlled environment for checking the 
reliability and fatigue characteristics of components. Both the random-shaped 
spectrum course and the siren are necessary parts of such a facility, the random 
noise giving combined overall effects, whereas the siren is a probing tool to find 
the weak points and a means for conducting accelerated fatigue testing at nomi 
nal cost. By carrying on parallel testing programs with both the jet and the 
siren, research can be conducted on the evaluating of techniques, on methods 
of equipment isolation and on practices for operating in very high noise levels. 

Many failures of aircraft and missiles, including satellite vehicles and ICBM’s 
ean be attributed to noise and vibration damage causing malfunction of equip- 
ment or failure of the structure. Further basic research which would lead to 
better design for noise effects is urgently needed. Present facilities for such 
work are scarce and almost nonexistent. Existing NASA facilities are marginal 
for the M=0.8 transport requirements and entirely inadequate for dealing with 
LRI, WS-110A, IRBM, ICBM vehicles, or any sources having afterburners or 
rockets. The proposed modification would raise the noise levels and provide the 
flexibility necessary for conducting research in these areas. It would also 
provide the safety features to protect the operating crew and to maintain an 
acceptable noise level for the neighbors of the facility. While the proposed 
modification will not permit large-scale testing of the type required for specific 
vehicle industrial application, it will permit a sufficient treatment to assure 
correctness in ultimate application of fundamental concepts as found from theory 
and basic experimentations. 

The proposed modification offers a unique possibility of obtaining a high 
intensity noise facility in a short time and at nominal cost. 


3. Cost estimate 


Ne a irate iy eee ee $140, 000 
Te: Soparatus and instrumentation.___..- ee 150, 000 
arn RE it tees se Rr eT Pare fe ape Re 290, 000 


4. Construction schedule 
Total estimated completion time: 9 months. 


HEATER AND VACUUM SYSTEM FOR GAS DYNAMICS LABORATORY 


1. Description 


It is recommended that supplementary equipment for the 20-inch jet facilities 
of the gas dynamics laboratory be provided, as follows: 

(a) Heater system.—An electrical air heater capable of raising the air tem- 
perature from 1,050° F. to about 1,500° F. to be installed immediately upstream 


— 
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of the settling chamber of the 20-inch, M=8.5 tunnel in room 116 of the gas 
dynamics laboratory. 

(b) Vacuum system.—A vacuum vessel to serve both the Mach 1.5 to 4.5 and 
Mach 6 20-inch hypersonic jet facilities to be located near room 108, east wing, 
gas dynamics building, in which the two facilities are located. The connecting 
line to the M=6 facility will contain an aftercooler. Quick opening valves will 
be installed in the exhaust lines to enable a switch from vacuum exhaust to 
atmospheric exhaust during test. 

2. Justification 

Heater system.—The existing high-temperature, high-pressure air supply in 
the gas dynamics laboratory is limited to 1,050° F., which is marginal to avoid 
condensation in the M=8.5 nozzle. To use the existing piping, it is necessary 
that a gradual pipe heating period of 4 to 5 hours prior to testing be scheduled. 
The heating must be accomplished with air bleed from the tank farm at a rate 
of about 10 pounds per second thereby exhausting the daily supply of the gas 
dynamics laboratory compressed air for just one test run. The proposed 
heater, by elimination of the presently required preheat bleed air drain, will 
make possible an increase in average tunnel operating frequency from 1 run 
per week to 10 or more. It will also permit running when setups are complete 
Without major interference with other facilities using the same air supply in 
the gas dynamics laboratory. In addition, with the higher air temperatures, it 
Will be possible to use interchangeable nozzles to obtain Mach numbers up to 10.5. 

Vacuum system.—Past studies indicate that, even without considering the 
deleterious effects of aerodynamic heating, flutter can be a critical design con- 
sideration at hypersonic speeds. While it appears that aerodynamically the 
estimation of flutter at these speeds has certain simplification, the nonlinearities 
in the air forces and the odd configurations and construction contemplated 
make it urgent that this research be extended to higher Mach numbers. The 
provision of the proposed system for use with the variable Mach and Mach 6 
20-inch jet facilities will permit flutter research in the Mach range of 1.5 to 6.0. 
The system will also provide the ability to start at the low dynamic pressures 
necessary to prevent destruction of flutter models and to explore a wide range 
of dynamic pressures in a given test, thereby establishing the flutter boundary. 
This will be of considerable importance in the solution of aeroelastic and flutter 
problems critical to the design of supersonic aircarft and vehicles. 


3. Cost estimate 


Bromcer’ mentee 8 A eS ee a eee $230, 000 
WON II ig a ss ie itis asp ag depen aaaa onda nein clea elotineaaneee 355, 000 


OCKE Geeerens. COBnG . | <2). ee 585, 000 





4. Construction schedule 
Total estimated completion time: 18 months. 


AMES RESEARCH CENTER, Fiscat YEAR 1960 ESTIMATES 


DATA REDUCTION CENTER 
1. Description 

It is proposed that a data reduction center be constructed that will provide 
the facilities required for the reduction of research data and for the solution 
of complex theoretical problems. The center will be designed to house the exist- 
ing digital computers, a large capacity, high-speed general-purpose digital com- 
puter to be procured on a rental basis, analog-to-digital converters, certain spe- 
cial-purpose analog and digital computers, and the staff of professional em- 
ployees and technicians needed to program and operate the various computers. 
A sketch of the proposed facility is shown on the next page. 

A large high-speed digital computer will be acquired on a rental basis with 
a purchase option. The computer that is contemplated as filling our needs is 
one which will perform arithmetical operations in either fixed decimal or float- 
ing decimal mode, with either single or double precision, on words of 11 decimal 
digits. The input-output unit will be a program-controlled unit capable of com- 
municating with the memory unit and with the input and output devices, con- 
sisting of magnetic drums, magnetic tapes, printers, card readers, and card 
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punches. In particular, 500,000 words of magnetic drum storage and 1 million 
words of magnetic tape storage will be provided. The memory unit will consist 
of magnetic core storage of at least 8 sections, each section having a capacity of 
2,500 words. The basic memory access cycle will be not longer than 4 micro- 
seconds, and most arithmetical operations will require no more than 3 memory 
cycles. 

A small special-purpose digital computer will be acquired to provide comput- 
ing service for flight-simulation studies. Analog computers and analog-to-digital 
converters will also be procured for dynamic studies of aircraft and space-craft 
control systems. 


2. Justification 


The increased hourly cost of operating large high-speed tunnels, the trend 
toward research in which dynamic and transient effects are measured, and the 
increased complexity of theoretical problems all point to the need for a ditigal 
computer with a high speed of operation and a large storage and memory ¢a- 
pacity. A further need exists for a small special-purpose ditigal computer with 
limited memory but an even higher speed of operation for direct connection 
through analog-to-ditigal converters to analog signals from flight simulation 
equipment. The present proposal is designed to meet these needs. 

The existing digital computers at the Ames Research Center consist of two 
electrodata—204 computers which have been purchased and one IBM-650 which we 
retain on a rental basis. The basic storage capacity of the 204 is 4,000 words 
and of the 650 is 2,000 words. The access time of these computers is of the 
order of 2 milliseconds. Experience with this equipment has demonstrated its 
great value to the operations of the Ames Research Center, both from the stand- 
point of saving time and money in tunnel operation and data reduction and 
also in its ability to treat theoretical problems that would be impossible by 
hand-computing methods. The mere existence of these electronic computers and 
experience with their capabilities have engendered proposals for the solution 
of problems, both theoretical and experimental, that overtax the capabilities of 
the existing equipment either from the standpoint of capaciy, accuracy, or com- 
puting speed. 

Significant advances have been made in the development of computers in the 
last 3 years and it is now possible to procure digital computers having hundreds 
of times the capacity and 500 to 1,000 times the operating speed of the present 
equipment. To solve the significant problems that we see in the fields of aero- 
dynamic theory, space technology, and data reduction, such equipment is ur- 
gently needed. 

It is proposed that a large general-purpose digital computer be acquired on a 
rental basis. While it would be possible to purchase a computer having the 
performance specified, it is estimated that the cost would exceed $3 million. 
The performance and cost of computers is changing so rapidly at the present 
time that purchase of such a machine is not considered prudent at this time. 
Within the next calendar year it is known that several new computers will be 
announced in which the ratio of cost to speed and capacity will be substantially 
lower than any computer now on the market. It is expected that this trend 
will continue as advances in electronic components and in computer circuitry 
design permit greater performance for lower manufacturing cost. The mainte- 
nance of a large electronic computer requires a staff of electronic engineers 
and technicians with highly specialized training. To date we have found it 
impossible to recruit, train, and retain adequate personnel for this duty. Under 
a rental contract we are in a position to leave machine maintenance in the 
hands of the contractor; our experience has indicated this to be a highly desir- 
able arrangement. 

Contrasted to the large computer, there is a need for a small, specially de- 
signed digital computer. This special-purpose computer is not available on a 
rental basis. Due to its small memory capacity and its special logic, its mainte- 
nance will not present any unusually difficult problems. Analog computers and 
analog-to-digital converters will be needed for input to this computer for on-line 
operation. 

The project includes a building to provide air-conditioned space with hu- 
midity control for the computer and its associated equipment and office space 
for the operating staff. 





+ Peet w 
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3. Cost estimate 


ee 2h 0) ee Bnd eae pom ee eee $1, 260, 000 
Special-purpose digital computer and analog-to-digital converter__ 660, 000 
Air conditioning for electronic computers________-_______--______-____ 160, 000 
Electrical work, including connection of computer for on-line opera- 

Dei ere eet See ee re. by Sees) oe ee eee eee 290, 000 
oe eee” Cr ne ee eee 45, 000 
SOULE GTN ‘CROCCO TINE * BOL VICOR niin i em eesneeeenn 90, 000. 

nee GR CONE ke a ee eee 2, 505, 000 


4. Construction schedule 
Total estimated completion time: 14 months. 


MASS TRANSFER COOLING AND AERODYNAMICS FACILITY 


1. Description 

The facility proposed will be a combination of vacuum pumping equipment, 
electrical are heaters, and high-pressure storage equipment which, in various 
combinations, will provide the following three pieces of equipment: 

(a) A low-Reynolds-number, near-orbit-mach-number tunnel primarily 
designed for the purpose of measuring forces and moments on complete 
configurations operating in the low Reynolds number continuum-flow regime 
typical of that encountered by orbiting and shallow reentry type vehicles. 

(b) An are-heated, high-velocity jet primarily designed for the purpose 
of investigating heating effects encountered in relatively low level (long 
duration) heat-flux conditions at hypersonic speeds (typical of shallow 
reentry conditions). 

(c) An arc-heated, high-heat-flux jet primarily designed for the purpose 
of investigating heat transfer effects in high-level, short duration, heat-fiux 
conditions at low supersonic mach numbers (to investigate conditions typi- 
cal of steep reentry). 

A sketch of the facility is shown on the following pages. A more detailed 
description of the major parts of the main facility is presented in the following 
paragraphs: 

Low-Reynolds-number, near-orbital-mach-number tunnel.—This tunnel will 
produce a 1-foot diameter usable test stream having a mach number range from 
10 to 20 and test section pressures from 0.1 to 0.5 millimeter of mercury (giving 
a Reynolds number range of 10* to 10° per foot). Replaceable nozzles for a 
mach number range of from.10 to 20 will be provided. Model support and 
balance equipment necessary to permit force and moment measurements on com- 
plete configurations or parts thereof are included as part of the proposal. 

Arc-heated, high-velocity jet—This jet will produce a test stream of approxi- 
mately 1-foot to 2-foot diameter at velocities from about 20,000 to 26,000 feet 
per second. The air supply for this tunnel will be stored at pressures of the 
order of 3,000 pounds per square inch before passage through the heater. Suf- 
ficient capacity for 30 minutes’ running time will be provided. The air will be 
heated by high current-density electric are heaters, followed by a stagnation 
chamber with cooled walls, and cooled hypersonic nozzle and diffuser. Several 
removable nozzles will be supplied to provide streams with different velocities. 
One stagnation chamber will be suitably equipped to program with time the 
enthalpy and pressure levels, and a corresponding nozzle will be equipped to 
simultaneously program the model position along the model axis, so that the 
model experiences the same time history of both chemical state and heat flux 
as would exist during reentry. 

Arc-heated, high-heat-flux jet——This jet will produce a test stream of approxi- 
mately 3-inch diameter with air heated to an energy level that will enable repro- 
duction of heat-flux rates approximating those encountered in a steep atmos- 
pheriec entry but at reduced mach number. The tunnel will use the same stor- 
age air and heater as used in the arc-heated, high-velocity jet. Running time 
will be primarily a function of electrode and nozzle cooling requirements and 
will be limited to as low as 10 seconds at the higher pressure, temperature and 
heat-flux rate conditions. The exhaust of this tunnel will be to atmosphere. 
The short duration of these tests is typical of conditions in an actual steep 
reentry and adequate for the experimental needs. 
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2. Justification 

The proposed facility is a combined external aerodynamics and mass transfer 
cooling facility in which three types of experiments will be conducted: (1) 
Measurements of force, moment, pressure-distribution, and stability character- 
istics at near orbital mach numbers and simultaneously low Reynolds numbers, 
(2) fundamental research on heat transfer and mass transfer cooling systems 
under steady flow conditions, and (3) evaluation tests of particular mass trans- 
fer cooling systems by exposing them to the same enthalpy and heat flux his- 
tory as would exist during reentry. Justification for the aerodynamic research 
and the heat transfer and mass transfer cooling research is outlined separately 
in the paragraphs which follow: 

Aerodynamic rescarch.—The aerodynamic research to be conducted will be 
the investigation of low Reynolds number, hypersonic aerodynamic phenomena 
which are encountered during shallow entries into the atmosphere. Previous 
experiments at low Reynolds numbers have been confined to relatively low super- 
sonic Mach numbers. Near conditions of peak heating during a shallow entry 
(e.g., satellite vehicle with or without lift), the Mach number is about 20 and 
the corresponding Reynolds numbers are the order of 10° to 10°. This is illustrated 
in figure 1 on the next page. These relatively low Reynolds numbers are within 
the continuum-flow regime but when combined with the hypersonic Mach num- 
bers, produce unusually thick boundary layers which modify the flow fleld and 
heat transfer. Because essentially no investigations have yet been conducted 
in this domain where low Reynolds numbers are combined with hypersonic 
Mach numbers, a large gap exists in present knowledge about the forces, mo- 
ments, and stability characteristics, as well as the heat transfer to shallow 
entry vehicles. The low-Reynolds-number, near-orbital-Mach-number tunnel 
with a heated reservoir can provide much of this information inasmuch as it 
is capable of duplicating both the Mach number and Reynolds number encoun- 
tered during shallow entries. It is to be noted that the physiological limitations 
of human tolerance to deceleration requires that manned entries of orbital 
vehicles necessarily be along shallow flight paths. 

Heat transfer and mass transfer research.—A sizable portion of the thermo- 
dynamic states encountered during both shallow entries and steep entries (bal- 
listic vehicles or return interplanetary instrument carriers) can be duplicated 
as illustrated in figure 2. When reproducing the relatively high heat fluxes 
corresponding to steep entries the facility would be operated only for the rela- 
tively short duration of steep entries (10 seconds, approximately), whereas for 
the much lower heat fluxes corresponding to shallow entries the facility would 
be operated for durations the order of 5 to 30 minutes. 

Much work is in progress on mass transfer cooling systems inasmuch as they 
offer the advantages of light weight combined with high effectiveness and in- 
herent simplicity. In order that laboratory tests of such systems be applicable 
to reentry conditions, it is necessary to duplicate the enthalpy level, the heating 
rate, and the chemical state of the system (by chemical state is meant the 
homogeneous gas reactions, the herterogeneous reactions, and the solid-liquid- 
gas phase transformations). An arc-heated facility duplicates the enthalpy 
level by employing high reservoir temperatures, and reproduces the convective 
heating rate by operating at relatively high reservoir pressures. The chemical 
state is duplicated by operating on the same time scale as exists in flight. 

Facilities which reproduce the same enthalpy conditions as are encountered 
during reentry are of three general types: Those employing hypervelocity guns, 
those employing shock tubes, and those employing electric arc-heated jets. The 
first two types duplicate the enthalpy level, but they do so in a test time the 
order of a very small fraction of a second. The reentry times are much larger, 
however, ranging from about 15 seconds for steep entries of ballistic and return 
instrument carriers to about 30 minutes for shallow entries of lifting vehicles 
(see fig. 3). In order to duplicate the chemical state of a mass transfer cooling 
system (such as an ablation cooling system) wherein the surface material 
changes phase and then undergoes further chemical reaction with the air, or 
a radiation cooling system wherein the surface mass undergoes relatively slow 
oxidation, the testing time must be at least as long as the time required for 
the various phase transformations and for the complex chemical reactions to 
take place. Of three types of facility which produce high enthalpies, the arc- 
heated jet is the only one certain to provide sufficient time for reproducing 
these phase transformations and chemical reactions. The relatively long time 
for observation in the arc-heated jet also makes it possible to measure numerous 
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details about the loss of surface material which could not be measured in fa- 
cilities that operate for only a fraction of a second. 

In order to conduct evaluation tests of particular mass transfer systems, the 
stream stagnation enthalpy and the convective heating rates to the body would 
be programed in the same manner with time as would exist during reentry. 
The heating rates as a function of time for typical reentry vehicles are shown 
in figure 3. The enthalpy would be programed during a run by the combination 
of controlling the are current and mixing relatively cold air into the reservoir 
chamber. The heat flux would be programed by controlling the reservoir 
pressure and simultaneously moving the position of the model upstream along 
the axis of the nozzle. In this fashion a mass transfer cooling system can be 
exposed to the same enthalpy and rate of aerodynamic heating history as would 
exist during entry into the earth’s atmosphere. Although the external aero- 
dynamic characteristics encountered during steep entries cannot be properly 
investigated by the arc-heated, high-heat-flux jet since the appropriate Mach 
numbers are not duplicated (as indicated in fig. 1) the mass transfer cooling 
methods can nevertheless be investigated. This applies to relatively blunt 
bodies for which the aerodynamic freeze principle applies. As illustrated in 
figure 1, the approximate Reynolds numbers corresponding to steep entry can 
be duplicated but it is necessary to operate at Mach numbers much lower than 
those occurring in flight. These Mach numbers are sufficiently high, however. 
so that the hypersonic characteristics of blunt bodies can be approximately 
duplicated insofar as heat transfer is concerned. 

3. Cost estimate 
High-pressure compressor, storage, and valves___ 
I ee ieee 
Nozzles, test section, and piping 
Are heaters 


ous Se ee ee $200, 000 
s eee DOO, OOO 
cs sina ance gr cigeatcced te ne eaenaieten 300, 000 
sates iaeiibeasg ce eis ean psa aio 300, OOO 


ch er Baars os Ren oe) ena eee ee 200, OOO 
Vacuum tank and pumps-_-_------------ a a Sg ree 1, OOO, ODO 
al a ae I eee Sanaa 400, OOO 


Instrumentation 
Model programing equipment 


sl halts a a a es 500, OOO 
eeocaahs so ea 250, 000 


Total estimated cost _ 4,050, 000 


4. Construction sched ule 
Total estimated completion time: 14 months. 
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ION AND PLASMA JET FACILITY 

1. Description 

This facility will make possible full-scale evaluation of electric propulsion 
devices for some applications and will have the potentiality for expansion to 
full-scale testing of all electric propulsion devices which have been proposed 
and for which prototypes should be available in the foreseeable future. It will 
provide for future installation, when required, of nitrogen-cooled baftles which 
will permit long-term endurance and reliability tests on full-scale engines and 
components prior to launching them into space. The proposed facility as shown 
in the sketches on the next two pages will consist of the following items: 

(a) A vacuum tank, 50 feet in diameter by 70 feet long, to provide the 
space required to receive full-scale ion and plasma rockets plus the neces- 
sary condenser area. 

(b) A vacuum pumping system and piping consisting of sixteen 52-inch 
diffusion pumps and necessary fore pumps and piping. This system will 
permit operation at pressures as low as 10-° atmospheres. 

(c) A high-pressure chilled-water cooling system for cooling the vacuum 
diffusion pumps. 

(d) A 5 magawatt, 50,000 volt, d.c. electric power supply for research 
on d.c. ion rockets. 

(e) Buildings to house the vacuum tank and associated equipment, in- 
cluding a heating plant. 

(f) An ion rocket propulsion system and instrumentation. This will 
be a typical fiight-type engine which will be used in the first group of 

experiments. 
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(g) The extension of utilities to the site. 
Justification 


Analyses of space missions have shown that ion and plasma rockets offer 
attractive advantages over chemical rockets and nuclear-heat-transfer rockets 
for many applications. For example, many types of space vehicles will require 
large amounts of nuclear-electric or solar-electric power for communication, 
television relay, data transmission, and internal-environment control. Remark- 
able weight savings are possible if this electric power can be utilized for the 
propulsion and control of the vehicle instead of carrying along a separate pro- 
pulsion system. Applications of electric propulsion of interest within the next 
few years include the control and stabilization of satellites with astronomical 
telescopes and television relay systems, and the propulsion of unmanned inter- 
planetary probes. Applications for the more distant future include manned 
interplanetary expeditions and large-scale freight transfer between the Earth and 
moon or the Earth and planets. An example of the weight reductions possible 
for a round trip, eight-man expedition to Mars is shown in the following chart. 
Even greater weight reductions are possible with technological improvements 
in powerplant weight. 

LEWIS RESEARCH CENTER 
FISCAL YEAR 1960 ESTIMATES 
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Facilities now in use, or under construction, at the Lewis Research Center 
will permit the investigation of small-scale models of ion and plasma rockets. 
The larger facility proposed herein will provide 10 times the power and vacuum 
eapacity of test facilities now under construction. It will make possible full- 
scale research on electrical propulsion systems for some applications that seem 
most promising on the basis of small-scale results. It will have the potentiality 
for expansion to a capacity suitable for full-scale research on any presently 
foreseeable electric propulsion system. The durability and reliability of elec- 
tric propulsion systems can only be established by tests of several years’ dura- 
tion, since most flight applications will require continuous operation for such 
periods to accomplish a mission. The need for the proposed facility is there- 
fore an immediate one if the Nation’s research on space propulsion systems is 
to proceed at the maximum possible speed. 


3. Cost estimate 


Vacuum tank, 50 feet in diameter by 70 feet long______-_--_--_------ 2, 000, 000 
Vacuum pumping system and piping._-------.-----------------~- 600, 000 
High-pressure chilled-water cooling system. -------------------- 250, 000 
5-megawatt, 50,000 volt, d.c. electric power supply____-------------- 750, 000 
Building construction, including heating plant___._._._._._-_--__-_------ 1, 165, 000 
Ion jet-propulsion system and instrumentation__...--------------- 435, 000 
Extension of electric power, utilities, and roads___.__.-_--___---_-- 500, 000 
Design and enginee¥ifiy gervViceis... sci S uk cu... 300, 000 

On cs NUNN St a atest vp aaa eal 6, 000, 000 


4. Construction schedule 
Total estimated completion time: 30 months. 


ZERO POWER REACTOR 
1. Description 


This facility will be located in one section of the canal in the reactor building 
and will consist essentially of a replica of the main reactor. It will include fuel 
elements, support grid, control-rod assemblies, beryllium reflector, pool heater, 
instrumentation for safety and control, instrumentation for flux mapping, and 
a control panel and console. A bridge spanning the canal will be required to 
support the assembly. 


2. Justification 


A major hazard in the component research facility for nuclear propulsion is 
the possibility of sudden introduction of excess reactivity by various modes of 
failure of large experimental setups in the test holes of the reactor. These fail- 
ures could conceivably lead to changes in the composition or to changes in the 
geometrical arrangement of materials within the test holes. Because of the close 
coupling between experiment and reactor, such changes could lead to such a large 
increase in reactivity that a reactor runaway would result. In order to deter- 
mine whether the effects of various possible accidents to experiments can be 
handled by the control system, it is important to know the excess reactivities 
involved. This can only be determined, with the accuracy desired, by reactivity 
measurements made at zero power. The U.S. Advisory Committee on Reactor 
Safeguards, which reports to the Atomic Energy Commission, recently made a 
strong recommendation to the NASA that such measurements be made in a 
separate zero power reactor. 

The zero power facility will also be an important and useful tool for esti- 
mating the relative uranium burnup in a partially spent fuel element from the 
main reactor. This is important for the case of fuel loadings for the main 
reactor which involve combinations of partially used and fresh fuel elements. 
Combinations of new and partially spent fuel elements can be used to improve 
flux distribution and conserve uranium reprocessing. Development work for im- 
provement of nuclear instrumentation and control equipment for the main 
reactor can also be undertaken with the zero power reactor. 


3. Cost estimate 
Total estimated cost : $605,000. 


4. Construction schedule 
Total estimated completion time: 12 months. 
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INPILE LOOP 

1. Description 

The first major inpile loop to be inserted into the component research facility 
for nuclear propulsion will contain a fuel element for a high-temperature gas- 
cooled reactor. The loop will include the fuel element, compressors to circulate 
the gas coolant, heat exchangers to remove heat generated within the fuel ele 
ment, and various instrumentation and safety devices. The objective of the loop 
tests will be to develop fuel elements for high-temperature reactors. The coolant 
in the first loop will be helium. 
2. Justification 

The major function of the component research facility for nuclear propulsion 
is to do inpile fuel-element research. The possibility of failure of research fuel 
elements while operating in the facility will exist because of the severe operating 
conditions required of rocket reactors. In order to prevent damage to the facil- 
ity the experiment must be made with a fully developed, highly reliable piece 
of equipment. Experience of other groups indicates that the design, develop- 
ment, construction, and debugging of large loop experiments is a time-consuming 
process. Construction and development of the first inpile loop experiment must 
be started as soon as possible. 


3. Cost estimate 
Total estimated cost : $250,000. 


4. Construction schedule 
Total estimated completion time: 12 months. 


LAND ACQUISITION 
1. Description 

It is proposed to acquire an additional 25 acres of land adjacent to the Lewis 
Research Center. The land consists of two parcels. One, identified as Area A 
in the drawing on the following page, is privately owned and is leased to the 
Civil Aeronautics Administration. The parcel has an area of 8.6 acres and is 
occupied by the radio range station serving the Cleveland area. The second 
parcel, 16.4 acres, is presently a part of the Cleveland Metropolitan Park. It 
is identified in the drawing as Area B. This land is in the valley formed by 
Abrams Creek, a tributary of Rocky River. 

2. Justification 

The NASA was authorized by Congress in the fiscal year 1958 to acquire 115 
acres on the north side of Cedar Point Road and west of the present Lewis Re- 
search Center property. The extent and location of the property originally 
requested is shown by the heavy boundary lines in the drawing. All of the land 
within the boundary lines was proposed for acquisition. However, between the 
time of the request and the date of the final authorization and the appropriation 
of funds by the Congress the western portion of the land was allotted, a street 
was built, utilities were installed, and many private houses were built. As a re 
sult of this real estate development, the area identified as area F on the drawing 
became prohibitively costly and could not be acquired within the appropriation. 
On the other hand, it developed that area D, not a part of the original request, 
could be acquired at a very reasonable cost and it was purchased. The property 
shown as area C has also heen purchased. 

Area A was previously dropped from consideration as it was leased to the 
CAA. However, if the CAA does not renew its lease, failure to own land com- 
pletely surrounded by NASA facilities would very likely cause interference with 
the center’s operations. It is recommended that area A be purchased as a pru- 
dent investment to eliminate future problems. The CAA’s lease expires on 
June 30, 1960. However, the lease contains an option to buy the land for 
$2,500. The CAA has indicated that it does not intend to exercise this op- 
tion, but will try to renew the lease. Moreover, it has no objection to the NASA 
acquiring title to the property, provided satisfactory arrangements could be 
made for the continued occupancy of the property by the CAA for as long as 
such occupancy is required. 

Negotiations are being conducted with the Cleveland Metropolitan Park Board 
for the acquisition of the property shown as area E under the 115-acre fiscal 
year 1958 authorization, The director of the board of park commissioners has 
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informed the Lewis Research Center that the park board will want to dispose of 
the Abrams Creek valley area (area B) because the land will not be usable for 
park purposes after they dispose of area E. Area B would be very valuable for 
future research installations as more and more of the work at the center in- 
volves the use of explosive materials. The deep narrow valley would provide 
a natural safety barrier that would be extremely costly to duplicate in the 
Cleveland metropolitan area. Being adjacent to existing facilities, the exten- 
sion of utilities to the area would be relatively simple. Independent appraisals 
were obtained showing a valuation of $2,500 for area B. 


3. Cost estimate 


enna Sr a ae. es ee a i a ee eS $2, 500 
Acquisition of area B, 16.4 acres___________-_ Lees 5 se. ashe ef 2 2580 
Total estimated cost 5, 000 


HIGH-SPEED FLIGHT STATION, FISCAL YEAR 1960 ESTIMATES 


BUILDING ADDITIONS 
1. Description 

This project proposes the completion of the second floor of the main portion 
of the HSFS building and the addition of a single-story shop wing. The loca- 
tion and general arrangement of the proposed additions are indicated in the 
drawing on the following page. 
2. Justification 

With research aircraft operating at ever-increasing speeds and altitudes there 
has been and will continue to be a corresponding increase in the complexity of 
the aircraft, in their supporting equipment, and in the procedures involved in 
obtaining data from flight experimentation. Consequently, all portions of the 
station’s mission which involve equipment and service space have been growing 
rapidly and require increases totaling 16,420 square feet of laboratory space and 
10,200 square feet of shop area. The two largest groups requiring laboratory 
space are the data reduction and instrument development groups, which will 
occupy more than half of the proposed second floor addition. Other groups ex- 
panding into this area will include research-engineering and pilot’s groups and 
some supporting research services such as the library. Vacated space will be 
used to relieve crowded conditions in other research and supporting activities. 
The proposed shop area will be used to house the relocated machine ship, now 
occupying space in the hangar which is needed for expansion of the electro- 
mechanical controls laboratory; and the instrument shops, including repair, 
construction, telemetering, and radar. The space now occupied by the instru- 
ment shops will continue to be used for that type of work, with some rearrange- 
ment to provide more space for instrument calibration. A summary of the 
current and proposed space distribution follows: 


[In square feet] 


; Current Proposed Change 
distribution | distribution 


Laboratory and office areas 
Office of chief of station 980 | 9x0 


Research engineering 5, 350 | 6, 860 1, 510 
Data reduction. 3, 105 | 5, 665 2, 560 
Instrument offices and laboratories 9,060 | 12, 745 | 3, 685 
Flight operations and maintenance 14, 780 | 17, 160 | 2, 380 
Administrative services. 9, 595 | 10, 620 | 1, 025 
Research services 2,030 | 3, 090 1, 060 
Halls and utilities 18, 940 23, 140 | 4, 200 
Shop areas: 
Instrument shops 3, 775 9,145 | 5, 370 
Machine shop 1, 500 2, 730 1, 230 
Shop halls, aisles, and utilities 2, 400 4, 500 2, 100 
Electromechanical controls laboratory 900 2, 400 1, 500 
Sheetmetal and welding 3, 875 3, 875 
Hangar areas: 
Calibration hangar. 16, 720 16, 720 
Main hangar. i ‘ 54, 000 54, 000 


Total 147, 010 173, 630 26, 620 
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3. Cost estimate 
Rite os Sc dlaes bate iaseuiecege Es etek ness eee eee $723, 000 


Plumbing, heating, and. air. condiioning= 02-5 .2.ie esas ncseesees 101, 000 
ROCCO hoe sss os as telat Ln csi ad oe Bee a eet eee 80, 000 


Design and engineering services___------- walsh need opecacnhah aaa 


i se ee ee. ee ae 


}. Construction schedule 
Total estimated completion time: 18 months. 


ANALOG COMPUTING EQUIPMENT 
1. Description 
This project proposes the acquisition of an analog computer assembly similar 
to that in current use, and an increase in the present computed from 96 amplifiers 
to 176 amplifiiers. 


2. Justification 

In order to reduce the number of difficult and expensive X—-15 flights, an 
analog computer assembly is required for use a flight simulator. The proper 
types of maneuvers for obtaining desired data will be investigated and checked 
and optimum guidance will be obtained for approaching critical flight conditions. 
The simulator will also be used for reduction of certain types of data, such as 
dynamic stability measurements. The new simulator will be used exclusively for 
flight guidance of the X—15 airplane and will simulate its characteristics as they 
exist and are known at the time. In this role it will guide the flight program 
and will be altered only as the airplane is altered or the knowledge of its 
characteristics changes. 

Experience at all NASA activities !as shown the analog computer to be an 
indispensable tool in the conduct of flight research. Through simulator studies 
of problems connected with flight research, these problems are usually solved 
more efficiently and quickly. Extension of the flight envelope and development 
of advanced control and stability augmentation and guidance systems require 
greater computed capacity so that all the more important system parameters 
may be included in the simulation. In general this will make any simulation 
more accurate and realistic. The additional general-purpose computer com- 
ponents outlined in this project will be used for advanced research studies of 
new systems, vehicles, and concepts and will serve for a large variety of general 
studies involving both the X—15 and other work at the station. 


3. Cost estimate 


Piieht .cialeter. entemiblis<ck. <. sss wanes teense. eee $250, 000 
80 amplifiers and 100 potentiometers__..........-----------------_- 41, 000 
5 channels of electronic multiplication.._....... 0 eek 16, 000 
D  SORONVOIN i eas «eatin denen diene ates bartels a tetteasenel 4, 000 
Reference voltnes s0pey. «2... 5. eee ek ei eee 2. 000 
Diode and pot padder function generator_____.--_--_--_--_--------- 20, 000 

14, 000 


Distal: VOICE. ~ sii cea nrtbicndiinne qo niieitind se sess 
TER) COL OOO ii eis tis iS Ketamine ea eee ee 
Sere set issc. a5 cdr scien emia iiseaeelaee 


3, 000 
14, 000 


atal . catia bad « COMG hss sinis acetic dieses Tie ice Ga i SES Aa ed 350, 000 


4. Construction schedule 
TERMINAL GUIDANCE FACILITY 
Total estimated completion time: 8 months. 


1. Description 

It is proposed to construct a terminal guidance facility to increase the safety 
of the X-15 operations by assisting in terminal guidance and in chase plane 
rendezvous. The project includes an acquisition radar with special modification 
together with suitable ground presentation equipment. A sketch of the facility 
is shown on the next page. 


39621—59—pt. 2——-7 
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2. Justification 


An important problem area which will be encountered in boost-glide-vehicle 
operations is that of terminal guidance. In order to provide backup for an on- 
board navigational system as well as terminal steerage to a specific area, an 
adequate coverage of the reentry terminal area must be provided. An acquisi- 
tion radar with the suitable coverage characteristics will provide this capability. 
Procurement of such equipment for use with X-15 flights will allow a better 
insight into the problems which will be encountered in actual flights and provide 
the means of developing terminal guidance techniques. The use of the equip- 
ment will also serve to increase the safety of X—15 operations by assisting in 
terminal guidance and in chase plane rendezvous. The existing radars pres- 
ently designed into the X-15 range are instrumentation type with extremely 
narrow beam width and hence unsuited for investigation of the terminal pickup 
problem. 


> 


3. Cost estimate 


i $40, 000 
IO a al aie ae i 750, 000 
ICI) EY io sie oh etal cal 2 ohni cers eb biiditbaitides bnedaabee saath ood 630, 000 
nee  erenentatins Ommnnen as wees cee 35, 000 
Re I as cds acs ich reddened 45, 000 

Pac i cr ea ly 1, 500, 000 


4. Construction schedule 
Total estimated completion time: 18 months. 


SPACE PROJECTS CENTER, FiscaL YEAR 1960 ESTIMATES 


CENTRAL FLIGHT CONTROL AND RANGE OPERATIONS BUILDING, SPACE SCIENCES 


LABORATORY, INSTRUMENT CONSTRUCTION AND INSTALLATION LABORATORY, AND 
UTILITIES 


1. Description 


This project proposes the construction of three laboratory-type buildings, the 
installation of appropriate equipment, and the installation of the necessary 
utilities. A description of the facilities follows: 

(a) Central flight control and range operations building.—This building will 
house the personnel and equipment required for monitoring all phases of rocket 
launchings for global and orbital flights. The information originating at the 
remotely located launching areas and the global network of tracking stations 
will be routed to this location for control purposes. Equipment housed will in- 
clude data readout and conversion apparatus, a large duplex digital computer 
(rented), automatic reading and plotting machines, and print-out equipment. 
Associated equipment will include telemetry ground stations, video tape re 
corders, a time standard device, ground command control transmitters, and 
backup transmitting equipment. 

The first floor will provide space for an industrial and military briefing 
room, the central range control room, communications staff, and other support- 
ing functions. The basement will house building heating, ventilating, air condi- 
tioning, electrical equipment, special computer equipment, air conditioning includ- 
ing humidity control, an auxiliary powerplant, and communication termination 
equipment. The upper floorspace will house scientific personnel and a library. 
The building will provide about 60,000 square feet of floorspace. 

(b) Space sciences laboratory.—This building will house scientific personnel 
for research and development of instrumentation for satellite packages. Studies 
will be made on infrared radiation, cosmic rays, meteorites, X-ray radiation, 
magnetic fields, and other geophysical phenomena. The functions of this labora- 
tory will also include the development of vehicle-borne computers and improve- 
ment of ground-based computers used to derive detailed orbital or flight path 
eonstants of space vehicles. Special equipment will include a magnetically 
shielded room, particle accelerator, leak detectors, mass spectrometer, vacuum 
and thermal testing tanks, balancing equipment, centrifuges, shake stands, and 
gyro and hydraulic test stands. 
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The first and second floors will provide laboratories for studies in the areas 
mentioned and offices for the research personnel. The basement will provide 
space for building heating, ventilating, and electrical equipment, some equip- 
ment storage, additional laboratory and office space, as well as a small electronic 
instrumentation shop. The building will provide about 60,000 square feet of 
floorspace. 

(c) Instrument construction and installation laboratory.—This structure will 
consist of shop space for the fabrication and installation of instrumentation 
and related engineering office space in support of scientific payload research and 
development. Shop space will be provided for light, precise machine shop work, 
sheet metalwork, welding and brazing, and bench and floor assembly. A full 
complement of machine-tool and material-handling equipment is included. 

A basement area will house building heating, ventilating, air conditioning, 
and electrical equipment which will include special air filtering for certain areas 
including a “clean” room for critical assemblies. The basement will contain a 
complete photographic laboratory. The building will contain approximately 
82,000 square feet. 

(d) Utilities —These items include the extension of all utilities, site clearing, 
roads, parking lots, and a central heating plant to provide economical central 
heating for the center’s buildings. 

The location plan on the following page indicates the location of the NASA 
Space Projects Center with respect to Washington, D.C. This is followed by a 
site plan of the center showing currently authorized facilities and those being 
proposed in the fiscal year 1960 estimates. Individual drawings of the three 
new buildings being proposed follow the site plan. 


2. Justification 

The conduct of a national space-flight program by the NASA requires the con- 
struction of a new Space Projects Center from which the technical programs can 
be planned, monitored, controlled, and evaluated. Initial funding for such a 
center was provided in the fiscal year 1959 appropriation. The proposed con- 
struction for the fiscal year 1960 represents the next phase of the center’s 
development. 

The initial construction provides accommodations in 2 buildings for approxi- 
mately 400 personnel. One building will house scientific, technical, and con- 
tracting personnel concerned with theoretical analysis, flight operations, and 
research-and-development contracting; and provides for the installation of two 
large digital computers for data reduction and processing functions related to 
both theoretical work and flight operations. The second building is an office- 
laboratory for scientific and technical personnel doing research and development 
on special electronic instrumentation including that required for control and 
guidance systems. 

The construction of a coordinating center for flight operations, including all 
phases of launching and space flight, is required. The basic elements of a com- 
munications system linking together a remote system of firing and tracking sta- 
tions exists in the Washington, D.C., area. Supervision and coordination of this 
complex and expanding communications system for the purpose of monitoring 
data collection and control requires a communications center in the immediate 
vicinity of the responsible staff. The central flight-control and range-operations 
building will provide such a center. 

Space research conducted by means of rockets, satellites, and space probes is 
critically dependent on the development of the instrument package to be carried 
in these vehicles. The problems of making scientifically dependable measure- 
ments in space are just beginning to be explored. A space-sciences laboratory 
is required to house scientific and technical personnel doing this instrument- 
development work. 

An instrument construction and installation laboratory is required to provide 
effective support to the instrument research and development work. This facil- 
ity will provide the means for constructing instruments and components and for 
their installation in satellites and space probes. 

Supporting utilities are required to permit effective use of the new buildings. 
All proposed buildings will provide fallout shelters in accordance with OCDM 
directive dated September 29, 1958. 
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3. Cost estimate 


Central flight-control and range-operations building : 
Building construction____._____ 


Design and engineering services____________________ 
Research equipment : 
2 telemetry ground stations................... 
1 ampex video tape recorder_______.__________ 
1 Gime-srandard device... ... cee 
Input-data conversion, data output, and_ plot- 
NN ood. crepe dh Aces nie sas Se nose sts ance 
Special-purpose data-reduction units_...______ 
Ground command control transmitters._.._____ 
Communications terminal equipment_________~ 
Backup transmitting equipment_______________ 
Provisions for installation of operations digi- 


RR I is cscs mica iasiciinis eSeesciniiwnidcmaniaced 


Total, central flight-control and range-oper- 

SERIE IR ois iss cceceiee eccrine 
Space-sciences laboratory : 

Building construction___ 


Design and engineering services ee he 


Research equipment : 

1 magnetically shielded room ae ma 

SOE ORONO S..2. a set aaah ee 
1 particle accelerator___ ‘ ‘ 
1 mass spectrometer_____~-______ nied 
4+ vacuum test tanks______- 
4+ thermal test tanks____- i pees 
3 balancing machines__ 
3 centrifuges... io... 
2 shake stands 
4 gyro test stands____ 
2 hydraulic test stands__ 
Bench equipment for 150 at $15,000______ = 


Total, space-sciences laboratory________ iia 


Instrument and installation laboratory : 
Building construction_______ 
Design and engineering services_______~_ 
Research equipment : 

Machine tools (major) -.._____~_- 
Small machine tools and accessories________ 


Photographic-laboratory equipment___._...______ 


Total, instrument and installation laboratory 


Utilities : 


YEAR 


1960 


$150, 000 
50, 000 
20, 000 


400, 000 
150, 000 
100, 000 
250, 000 
200, 000 


500, 000 


$10, 000 
30, 000 
100, 000 
50, 000 
120, 000 
220, 000 
90, 000 
60, 000 
210, 000 
255, 000 
65, 000 


2, 250, 000 


~> = 


$375, 000 
800, 000 
25, 000 


5, 470, 000 





Central heating plant____--__~_ 
Electric power and communications___._.__________ 
Roads, site clearing, and drainage__________ 
Water and sanitary sewers___ 


| Mee.” lil lel eg BA lee al 


Total estimated cost___- 


4. Construction schedule 


Total estimated completion time: 26 months. 


$1, 890, 000 
120, 000 


1, 820, 000 


3, 830, 000 


1, 890, 000 
120, 000 


3, 460, 000 


2, 350, 000 
150, 000 


1, 200, 000 


3, T00, 000 


360, 000 
330, 000 
260, 000 

50, 000 


~ 1,000, 000 





14, 000, 000 
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PACIFIC MISSILE RANGE, FiscaAt YEAR 1960 ESTIMATES 
LAUNCHING AND SUPPORT FACILITIES 


1. Description and justification 

The satellites flown to date have been launched in inclined orbits of from 
approximately 30° to 50° to the Equator. Facilities for such launchings are 
located at the Atlantic Missile Range at Cape Canaveral, Fla. Many of the 
future satellite experiments, including scientific measurements and meteorologi- 
cal observations will require that satellites be launched in a polar orbit at 90° 
to the Equator. Such launchings cannot currently be undertaken at the Atlantic 
Missile Range because of the danger of dropping boosters on the Carribean 
islands and the South American mainland. The Pacific Missile Range at Point 
Arguello, Calif., will permit such polar launchings and will be utilized for this 
purpose in the NASA satellite program. 

Local tracking and range instrumentation will be provided by the Pacific 
Missile Range. It is the policy of the Pacific Missile Range, however, to require 
that the launch facilities be paid for by the agency or user that initiates the 
requirement. Furthermore, supporting facilities, such as shops, offices, and 
hangars, must be paid for by the user if they are to be for his exclusive use. 

The overall NASA satellite program requiring polar launches will include a 
number of booster configurations. Some of the launch facilities required for 
Atlas booster configurations will have been installed by other users and will not 
have to be duplicated by the NASA. The NASA expects to make early firings, 
however, using booster configurations based on IRBM’s for which prior launch 
facilities will not be available. It will therefore be necessary for the NASA to 
construct the launch facilities required for these firings. 

In order to support the contemplated firing program at Pacific Missile Range, 
it will be necessary for the NASA to have vehicle assembly hangars, a certain 
amount of shop and instrumentation equipment, and office Space for technical 
personnel assigned to the firing programs. The anticipated program will be 
large enough to require full-time occupancy of these facilities by NASA. It will 
therefore be necessary for the NASA to finance these facilities. 


2. Cost estimate 


2-pad launching facility suitable for firing vehicles using IRBM 


OCDE, WUE ans ns iceis sccrn ers tcinianine nceapsemtenaceuohdialipiaatiaata led $1, 300, 000 
i: CUI ies ec cnendanscteinsncne a ngmeenatae s $300, 000 
ed ne a ae 1, 000, 000 

SyuNpOese: SAGO 6 i eis Set emp anemameegeeee 1, 700, 000 
Assembly hangar, shop, and office space___.______-_-- $650, 000 
Site preparation, utilities, and roadsS_________-__--__ 550, 000 
Instrumentation checkout equipment__________-__~- 420, 000 
ORG: COOGEE da a Stincd eetonintinacwekmmopentcta 180,000 = ——————_ 
TORE CRUIIAIT OD, CONE 6 icc nicest scsine ci initiacennptiniaiallps etinmrtehtaiiaiinaasg get ate a 


VARIOUS LOCATIONS, FiscaAL YEAR 1960 EstIMATES 
EQUIPMENT AND INSTRUMENTATION FOR GLOBAL RANGES 


1. Description and justification 

These funds will be needed to continue the improvement of satellite and 
space vehicle tracking stations for which funds were requested in the fiscal 
year 1959 supplemental estimate and to provide additional instrumentation facili- 
ties specifically required to support manned satellite experiments. 

Improvement of existing electronic and optical tracking stations.—To _pro- 
vide the tracking, data acquisition, and the communication facilities needed 
to support the more complicated satellite experiments planned for the period 
beginning 1 to 2 years from now, further modification and improvement of the 
electronic and optical tracking networks will be required. The funds requested 
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in this project will provide for a continuation of the antenna and data read- 
out equipment improvement which was begun with fiscal year 1959 funds. 
Higher capacity telemetry equipment will also be installed at some of the stations 
to handle a larger number of satellite programs, and to service a wider band- 
width telemetry data reception. 

In addition, the electronic tracking facilities will be supplemented by the pro- 
vision of improved optical tracking equipment to provide the very-high-precision 
tracking data needed for geodetic, navigation, and relativistic satellite experi- 
ments. 

Data acquisition station on Bermuda.—The project includes funds to provide 
for the establishment of high-gain automatic tracking antenna and its associated 
radio receiving, recording, and control equipment on Bermuda. This equipment 
will serve multiple purposes which include reception of telemetry data from 
rocket and satellite vehicles launched from Wallops Island and Cape Canaveral, 
acquisition of telemetry data from space vehicles in orbit, and supplementary 
tracking of space probes. 

Facilities for support of manned space vehicles——Control center systems: 
Proper execution of the various functions required on a global basis for the 
launching, flight, reentry, and recovery of a manned satellite system will make 
necessary the provision of a suitable center for the coordination and control 
of the complete operation. It is proposed to supplement existing equipment 
systems to accomplish these functions. 

The funds requested herein will be required to provide a voice link to the 
manned satellite, and modifications to existing equipment for command functions 
to the satellite. Necessary data transmission terminal equipment with coordi- 
nate converters, computers, data recording apparatus, display systems, and 
control devices would also be },rovided. 

Data acquisition systems: <cientific and operational data generated in a satel- 
lite during launching, orbiting: flight, and recovery, must be relayed to ground 
stations for reduction, analysis, and control of subsequent operations. ‘ 

Funds are included to provide such data acquisition systems for five ground 
stations and seven shipboard installations, and to supplement existing equipment 
at five additional ground stations. The systems will include antenna networks, 
telemetry receivers, data handling equipment, and display devices. Installation 
will be made at the primary ground stations in the manned satellite network. 

Extension of data transmission, communication, and command systems: In 
order to close major gaps in the ability to coordinate data acquisition and con- 
trol functions in the network of ground stations for manned satellite operations 
that were started in the fiscal year 1959, additional equipment will be required 
at various stations to provide adequate data transmission, voice communica- 
tion, with other ground stations and the satellite, and command control of 
satellite functions. 

Funds are requested to provide supplementary high-frequency single side- 
band or ionospheric scatter systems for surface communications, high-frequency 
and very high frequency transmitters and receivers for voice communications 
with the satellite, command interrogation systems, and associated antenna and 
data handling equipment. 

2. Cost estimate 


Improvement of existing electronic and optical tracking stations__ $1, 500, 000 
Optical tracking equipment......_..................... $600, 000 
Telemetry receiving and recording equipment____ 150, 000 
Antenna arrays: 5 stations, at $50,000 each_____ 250, 000 
Digital data read-out equipment: 6. stations, 
Cee eee ee nee ee eibteaees 156, 000 
Instrument buildings : 11 stations, at $25,000 each_ 275, 000 
Test and calibration equipment___-.--_------~_~- 69, 000 
Dats Bemeoe Seton on permoga._. 2 1, 355, 000 
Site preparation and utilities___............-_.--- $335, 000 
Basic tracking antenna system_______-----~----- 650, 000 
Telemetry receiving and recording system_____~~- 205, 000 
Tost oouinment end. sparee....................... 165, 000 
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2. Cost estimate—Continued 


Facilities for support of manned space vehicles___.__.__.___________ $7, 145, 000 
Uonirol conter systema. incense $1, 045, 000 
Voice link to satellite_____._____ $100, 000 
Command system modifications_ 50, 000 
Data handling systems__________ 490, 000 
Computing facilities__..c.._____ 305, 000 
Data display equipment_________ 100, 000 
Data acquisition systems_._._.__._____.__________ 4, 100, 000 


Antenna, telemetery receivers, 

and data handling and dis- 

play systems for 5 ground 

ee gto ee $1, 500, 000 
Antenna, telemetry receivers, 

and data handling and dis- 

play systems for 7 shipboard 

iene SS — 2,100, 000 
Modifications and additions to 

telemetry systems at 5 ex- 


isting ground stations_._._..___ 500, 000 
Extension of data transmission, communication, 
One COmmnme Onions... <i i ee 2, 000, 000 
Surface communication  sys- 
li ile cece ee aac leeks $1, 000, 000 
Satellite voice links and com- 
mand control system________ 700, 000 
Auxiliary equipment___._____~_ 300, 000 
ey ee a eee nee rT =e 10, 000, 000 


FACILITIES FOR ROVER PROGRAM 


1. Description and justification 

Nuclear heat transfer rockets in which a low molecular weight gas is heated 
to high temperature in a nuclear reactor and then expanded through a jet 
nozzle to produce thrust, offer large performance gains over chemical rocket 
systems. The low molecular weight of the discharge gas combined with the 
high gas temperature in the reactor permit the attainment of impulses for the 
nuclear system that are approximately twice as high for the nuclear rocket as 
for the chemical system. This high impulse gives the nuclear rocket the 
potential of delivering a large payload into an earth orbit with a single stage 
machine whereas the chemical rocket might require at least two and prob- 
ably three stages. The Rover program now in process is aimed at the devel- 
opment of small, high temperature, high power reactors for use in high thrust 
booster rockets. The NASA responsibility in this program is concerned pri- 
marily with the development of a propellent feed system for the KIWI-—B reactor 
tests. A multistage pump is being developed for this purpose. 

At the present time, the AEC Nevada test site has facilities for testing the 
reactor component of the nuclear rocket only. There are no facilities for in- 
corporation of a turbopump in the test facility so that the combination of 
reactor and flow system dynamics can be simultaneously investigated. There 
is no way of analyzing these combined dynamics characteristics with sufficient 
aecuracy that safe and reliable system operation can be predicted. It is, there 
fore, proposed that a nuclear rocket facility be designed and constructed so that 
reactors can be tested with the turbopump propellent feed system that will be 
used in the full scale nuclear heat transfer rocket. Because the dynamics of 
the reactor and flow system are not known, it is essential that the early tests 
of the reactor and the pump be made with a pump drive that has extremely 
accurate speed control. The only sufficiently satisfactory system is an electric 
drive system. The present facility will, therefore, supply an electric motor 
pump drive and required electronic speed control equipment for the early tests. 
When the dynamics of this system have been analyzed, the reactor will be 
tested with the full-scale turbopump and the turbine drive gas generator system 
or the full-flow turbine drive gas system so that the nuclear rocket steady state 
and transient operation may be accurately evaluated and desirable performance 
obtained. 
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This project will supply the electrical drive motor, a variable speed toupling, 
required speed control equipment, flow controls, the necessary gear boxes to de- 
liver the required pump speed, the turbopump stand, the required gas generator 
system, the additional liquid hydrogen storage capacity, the required ducting to 
permit closely coupled reactor-turbopump operation, and the necessary building 
to house the drive and control equipment. 


2. Cost estimate 


Pacitity desien.and site PrOpOTRUON.. oon 3 oc kee eee $100, 000 
Cost and installation of electrical drive equipment____--_-_------~-- 500, 000 

Construction of butler-type building with required foundation 
mounting for electric motor and turbopump facilities____.____---- 150, 000 
eee OmOTE GOP TIER MOtION ls in oie bo ce keene ean neagaiees 350, 000 
Duce and POWETIMS COBNCCIIONE.......g. ncn nce einem esen= 200, 000 
Remote electrical and flow control setup............-...-----.--~~- 300, 000 
RRND SOTO CR RCIY oan oa os a i eects oie ce en amewen eee 200, 000 
IN a ag ha ote aac ta nmr lam ieee Ee egeihasee 200, 000 
ne eG No ee eect minions le eee 2, 000, 000 


PROPULSION DEVELOPMENT FACILITIES 


1. Description and justification 

The names “Vega” and “Centaur” have been given to two proposed space flight 
vehicles using the Atlas missile as a first-stage booster and incorporating new 
upper stages. These vehicles are described on pages 291 through 294. De- 
velopment and flight readiness firings of the new Vega and Centaur second 
stages will require the construction of two captive test stands, one for each 
program. In order to meet program schedules funding for the stands is re- 
quired early in the fiscal year 1960. 

An extensive survey of existing test stands which might be modified for these 
programs and possible sites for new stands is nearing completion. To be ac- 
ceptable, locations must meet satisfactory standards of availability, safety, and 
operating efficiency. Beyond these basic requirements the principal yardstick 
will be minimum total cost of constructing, equipping, and operating the stands. 
Based on these criteria the most promising solution which has been studied so 
far is the erection of two new stands at Sycamore Canyon, a Government-owned 
Atlas test location sufficiently isolated from a hazard standpoint. 

In addition to the aforementioned test stands, funds are required in the fiscal 
year 1960 to make a start toward a new central facility to permit an accelerated 
research and exploratory development effort in two additional areas of great 
future importance to the national space effort. Future space missions will 
necessitate the development of rocket engines that use high-energy liquid pro- 
pellants. The advantages of the high-energy liquid propellants lie in their 
potentially high values of specific impulse. Solid propellant rocket engines, 
which produce relatively lower impulses, have important application in space 
missions due to their low structural and equipment weight, simplicity, and re- 
liability. 

Many of the high-energy propellants (e.g., fluorine) are extremely toxic, cor- 
rosive, and reactive. Consequently, current research facilities (NASA Lewis 
Research Center and the Jet Propulsion Laboratory) are severely restricted in 
the testing of these propellants because of their proximity to urban areas. A 
specialized facility located in an isolated area is therefore required. This 
project will provide such facilities. The facilities will be used initially for the 
continuation of high-energy propellent work of both the Lewis Research Center 
and the Jet Propulsion Laboratory on an expanded scale of thrust and number 
of firings. These facilities will also be used in future development projects. 
The requirements of the facility are dictated largely by the hazardous nature 
of propellants to be investigated. Therefore, it is necessary that an isolated 
site be chosen and that individual facilities be adequately dispersed for efficient 
and safe operation. 

At a Government-owned location to be determined from further studies, fa- 
cilities will be provided for advanced research and development on both solid 
and liquid propellant rockets. The funds requested in the fiscal year 1960 will 
provide for initial site development and for one test stand to accommodate 
100,000-pound thrust rocket engines using high-energy propellants. 
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2. Cost estimate 


Vega captive stand: Stand, including mounting tower and equip- 


ment for handling, control, and date acquisition_____._.________ $1, 500, 000 
Centaur captive stand: Stand, including mounting tower and equip- 
ment for handling, control, and date acquisition________-________ 1, 750, 000 
Central facility for high-energy solid and liquid rocket propellant 
FONOGNCI os ho et a Ee eee lees 4, 750, 000 
Central assembly shops, offices, and service buildings. $500, 000 
Water system (1,000,000 gals. per day) —~--_-------_~ 600, 000 
Electrical power to remote site and distribution 
CRI EU il Bos a cecenas engin geet cia mado omeaetotcedns aaa 1, 000, 000 
TORUS Bier Pah nh hee ei 600, 000 
Communications: Central date recording and proc- 
essing systems, telephone systems____---_--_-_-~~ 200, 000 
Site preparations: Grading, drainage, and trenches. 300, 000 
Fluorine-hydrogen rocket facility, 1 test cell only____ 1, 550,000 ———————- 
"TOGRT Gbtrbib tem CONE. 6 6 ok a eke et ee 8, 000, 000 


Mr. Anporr. Mr. Chairman, the first item on page 522 is the altera- 
tion to the thermal structures tunnel at our Langley, Va., station at 
2 price of $745,000. 

This thermal structures tunnel at Langley has been a very useful 
workhorse for making tests of large-size structural elements or com- 
plete missiles of moderate size, including both the airloads and the 
thermal effects up to a mach number of about three times the speed 
of sound. 

We are asking here for alterations to this tunnel to provide in- 
creased altitude simulation and also to decrease the large loads that 
are experienced by the models in starting and stopping. 

These large lo: ads frequently destroy the models which are ex- 
pensive and also effectively prevent us from making tests on some 
models which duplicate the actual strength that would be needed for 
high-altitude vehicles because they would be destroyed in the starting 
of the tunnel. This prevents us from investigating at the present 
time certain aerolastic problems. This amount is requested to cor- 
rect these deficiencies in these pieces of equipment. 

Dr. GLENNAN. May I interrupt? In what detail do you want to 
zo into this? 

Senator Srennis. I was just going to say that we don’t know the 
necessity of these items. You come here and say you need a total of 
$414 million at the Langley Research Center for them. If this is 
necessary, we approve it. We just want to know if it has been 
thoroughly considered and is essential. 

Dr. GLENNAN. I think in connection with all of these items of con- 
struction and equipment, these relate to an investment in cost new 
of about $390 million in our own research centers. This is really an 
austerity program. 

Senator Stennis. Yes. 

Dr. GLENNAN. In keeping those centers up to date, in providing the 
kind of equipment that is necessary in order that they may be kept 
up to date. 

I think you will find in the small blue-covered pamphlet which 
gives you values of our stations, some detail there which gives you 
the value and the construction program for 1959 and 1960, and un- 
less you do want to go into great detail on these, we might take out 
just one or two and point those out to give you some better field for 
the diligence with which this work has been done. 





780 NASA AUTHORIZATION FOR FISCAL YEAR 1960 


Senator Srennis. I would like the advice of the committee on it. 
I don’t see where we need to go into it in detail. If you tell us it is 
an essential program and an austerity program, that is an assurance 
that we do need. 

Dr. Gtennan. There are two points I would like to make, Mr. 
Chairman. One is with respect to the importance of getting on with 
the Goddard Space Center which we started with moneys provided 
last year, located at Beltsville, Md. Construction is underway there 
and we have asked for $14 million to get underway with this. This 
will be the housing for our space-flight-development. people. 

The other is an item which was deleted from the House bill and in 
which we strongly urge be supported by this committee. This is an 
item that you will find on page 395 for propulsion-development facili- 
ties, and on page 397. This is a central facility for high-energy solid 
and liquid fuel rocket propellants. The reason the House deleted this 
is that we are not able yet to settle for a site on it. We went into 
substantial detail in building up the estimated costs on this particu- 
lar facility. We did this with the help of some studies that had been 
made of a particular site. 

These are simply ball-park estimates of the detail. We are going to 
have, in this particular facility, toxic propellants that can’t be located 
in a center of population. We need certain supplies of water and 

ower. We urgently need to get on with this particular job and I 

ope this committee, if you have questions on that particular $4,- 
750,000, there are people who can answer them but I do hope you will 
put it back in this bill. 

Senator Srennis. If it is put back, it will be in dispute in confer- 
ence and we really think we ought to have some testimony on it. 

Dr. Grennan. All right. 

Senator Srennis. For that reason as well as additional reasons. 
T don’t know that we have time to take it right at this moment. 

Dr. GLENNAN. Mr. Wyatt can speak to this. 

Senator Martrn. Was this stricken in the House from the authoriza- 
tion bill? 

Dr. GLENNAN. It was stricken, but provision was made so that we 
could go ahead with it if we found the right site; but in going ahead 
with it, we would have to reduce our total budget by $5 million to do 
it unless we went back for another authorization on it. 

Senator Stennis. Go ahead and cover it now. 

Mr. Wyartr. Sir, we have a problem here in that the more advanced 
fuels that we are interested in using for their high-energy content 
and the efficiency are unfortunately very toxic. If the fuels spew 
around the atmosphere, it will kill vegetation, animals, and humans. 
Yet these fuels do offer us a tremendous payoff in terms of the thrust 
advantage, the efficiency advantage and we can get it from them. 
We are interested in them. 

Now in order to ever realize the use of these types of fuel, it is 
going to be necessary to conduct extensive research and development 
on rather large size engines of the sort that we would like to employ, 
and consequently we need a facility at a site which is remote enough 
from the general population to permit us to test these fuels with the 
attendant hazards and possible explosions as well as simply spewing 
out the exhaust products each time we fire the rocket. 
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Dr. Glennan has indic sated we have a study team at the present time 
who are studying the precise requirements, the physical requirements 
in terms of proximity distances; how far apart do we have to put 
these facilities, and what type of excluding radius we have to have 
around the whole facility so we do not endanger people and property 
living in the area. We are studying this pr oblem. 

Our next problem is to select a site that is suitably remote and yet 
which is accessible to the people who will have to use this fac ility. 
So we need a combination of circumstances; the combination of re- 
moteness and yet it can’t be in the complete wild because we have to 
bring in trained engineers, technicians, and scientists. 

Senator STENNIS. You say the House authorization provided you 
absorb it out of your other authorization figures; is that right? 

Dr. GLENNAN. Yes. 

Dr. Drypen. By this supplement, what has been said, you might get 
the wrong impression that isolation is the only necessity. There are 
also substantial amounts of electrical power, light, and water in this 
operation and we feel this is a matter we must consider very care- 
fully. We really feel we ought to be commended for not rushing into 


this too rapidly. 
Senator Srennis. It has to do primarily with the solid-fuel 


problem ? 

Mr. Wrarr. With the toxic fuels, some of which are solid, most of 
which are the high-energy liquid fuels. 

Senator Stennis. How could this appear at this late date as a spe- 
cial problem with the liquid fuels ¢ 

Mr. Wyarr. These are liquid fuels that have only been handled in 
small quantities in small-test engines. We want to test them in de- 
velopment and application. 

Dr. Guennan. We actually have at Sandusky, Ohio, test cells for 
very small engines of this size. This is a scaling up, up into real 


dev relopment work. 
Senator Srennis. It seems the House approved the idea of recog- 


nizing the need to ask you to absorb it. 

Dr. GLENNAN. They held it was because of a lack of a site for 
it. They recognized the need for a facility, but they said we don’t 
want to hold you up. If you think you need to go ahead with it, go 
ahead, but in doing this they have, in effect, decreased our funds by 


$4.750,000. 


Senator Cannon. You haven't selected any contractors to do your 
experimental work ? 

Dr. Gtennan. No; we are perfectly happy to come back and tell 
you where the site will be and all of that. 

Mr. Wyatr. This will be an inhouse operation. 

Senator Stennis. Do you think you will have to have this before 


we are back here in January ¢ a 
Dr. GLENNAN. Yes, sir, and when you say back in January, Senator 


Stennis, it was suggested to us last year that when the bill was cut, 
the appropriation was cut by $45 million, we would come back in 
January and we have been back and it is now May 21 and we don’t 


have a dime and we are in trouble. 
Senator Stennis. We will look intothis. Is there anything further 


on this, Senator Martin? 
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Senator Martin. Do you consider this point on page 397 as ex- 
tremely urgent? 

Dr. GLENNAN. Yes, Senator Martin. We think we must get ahead 
with these high-energy propellants. We propose, if possible, to put 
this on a piece of Government-owned land, you see. And to wait 
another year is simply to delay the program. It is not such a large 
amount of money in consideration of the total budget, it seems to me. 

Senator Stennis. I don’t know. It may be some fear that this is 
going to be put in someone’s front yard. 

Dr. GLENNAN. We are perfectly happy to come back and tell you 
about the site. 

Senator Stennis. Yes; I think we better get into it a little further. 
They doubtless gave it full consideration and reached a conclusion. 
If you could give us your plans on this and just what the problem is, 
it would be helpful. 

Dr. GLENNAN. Right. 

Senator Stennis. And how we can alleviate it. 

All right; unless there is objection, the committee will now take a 
recess until 2:30, and due to prior commitments that I have made 
that are very firm, I can’t be here at 2:30. Let me say, however, 
that it is certainly not due to any lack of interest in this program. 
I will be here as soon after 3 o'clock as I can. I will ask Senator 
Young to preside until then. 

(Whereupon, at 12:40 p.m., the subcommittee recessed.) 


AFTERNOON SESSION 


Senator Youne (presiding). Will the subcommittee come to order ? 
Now, Dr. Glennan, will you proceed ? 

Dr. GLENNAN. Yes, Senator Young. I would like, if I may, to re- 
turn to the construction-and-equipment section of our budget, and 
particularly to this propulsion facility that we have spoken about. 
I would like the privilege of putting into the record at a later time 
a document in support of this, but I would like to speak to it for just 
a& moment. 

Senator Youne. That request is granted. 

Dr. GLENNAN. Thank you. 

We now have, meeting yesterday and today, a site selection com- 
mittee. They are here in Washington at the present time developing 
the criteria against which a site will be selected. It is my estimate 
that we can move ahead perhaps within 3 months’ time to select such 
a site. 

I would like to point out again the fact that this facility is a re- 
search and development fac ility, that we will be working with highly 
toxic materials, both liquid and solid. There are requirements in 
such a facility for an adequate supply, yet to be determined what the 
number would be, and for adequate power. 

We would like to if possible find a facility which is sufficiently re- 
mote so that no large population centers or even very small popula- 
tion centers are within say 10 or 15 miles of such a site, 

We do need, however, a site which is accessible in the sense that 
we must transport to it propellants and hardware. I think I have 
pointed out that we hope to find a governmentally owned piece of 
Jand which will serve for this purpose. 
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I point out further, as I think Mr. Wyatt stated this morning, that 
we have been operating in this field for several years, particularly at 
the Lewis Laboratory in Cleveland, and within the past year have 
started construction of some test cells for fluorine work at Sandusky 
where we have a remote site on an old ordnance site there as you 
know. 

This is the next step in getting into advanced work in larger hard- 
ware. If we are delayed ‘another year in this activity, I think it is 
reasonable to state that our program is delayed in this respect at least, 
in getting at the development of much more high energy propellants 
than any “that we are presently working with by that amount of time. 
Now if I may then I will place this in the record at a later time. 

Senator Youne. Doctor, is there any reason that you should be 
delayed in time? Can you foresee that that is likely to happen? 

Dr. GLENNAN. I do not think there is a reason that we should be 
delayed in this. I am sure, Senator Young, that this would not be 
the first authorization that had been made for a site not yet selected. 
The amount of money involved in this at present is not very large, 
although our guess is that this site might grow in time to an invest- 
ment of $20 million, some such thing as this, as one gets into other 
exotic fuel areas. 

Senator Youne. Thank you. That answers my question. 

(The statement subsequently provided by NASA is as follows :) 


NATIONAL SPACE PROPULSION FACILITY 


The NASA has completed a comprehensive study of the facilities required to 
implement a national space propulsion program. In order to expedite the 
Nation’s space program, it is necessary that certain new construction for the 
research and development needed be undertaken immediately. The NASA 
study of these new propulsion facilities reveal the facilities required in fiscal 
year 1960 to be as follows: 

(a) Liquid propellant research installation, 

(b) Solid propellant research facility, and 

(c) Supporting services such as propellant process, transport and storage 
facilities; shops; general data handling and data reduction equipment; 
and an operations and administrative center. 

These facilities are essential in order to achieve the benefits of high-energy 
propellants. To date, experimental research has shown that high-energy pro- 
pellants can increase the payload capacity of a space vehicle two to three times 
that available with propellants now in use or under development. 


PROPULSION FACILITY REQUIREMENTS 


1. Remoteness of site—The toxicity of the high-energy fuels and the research 
and engineering effort necessary to the development of the fuels requires a site 
remote from populated areas since extremely hazardous conditions will be 
existing. 

2. Size ‘of. site—The explosion hazards as well as the toxicity of the high- 
energy propellants dictates a large exclusion radius between individual test 
components as well as between each component and any external residential 
area. In addition, the noise nuisance of the high thrust rockets that will be 
tested require the facility to be at a considerable distance from residential 
areas. The area requirements will vary depending on the topography, pre- 
vailing wind, and weather conditions as follows: 

(a) On relatively flat ground approximately 60 square miles will be required 
for the liquid propellant facility and 20 square miles in addition required for 
the solid propellant facility. 

(b) Rugged mountainous terrain and favorable prevailing winds will reduce 
the liquid propellant facility requirement to 25 square miles and the solid pro- 
pellant requirement to 8 square miles. 
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(c) A water coastline site will reduce area requirements if the prevailing 
wind is offshore. In this case the liquid propellant facility land requirement 
will be reduced to 30 square miles and the solid propellant land requirement 
to 10 square miles. 

3. Climate.—In order to expedite the Nation’s space program, the supporting 
propulsion facilities must be operated on an urgent basis. This calls for a cli- 
mate suitable for year-round outdoor activity to meet working conditions requir- 
ing open test stands and work areas. The site must have an average daily mini- 
mum degree temperature above 32° F. throughout the year. 

4. Power.—An abundant supply of power is needed for the testing operations 
involved in the new facility. At least 10,000 kilovolt-amperes will be required. 

5. Water.—For cooling of testing apparatus and use in power equipment, an 
available supply of water needs to be assured. Two million gallons per day is 
required, of which 250,000 gallons must be treated or domestic water. 

6. Industrial support and labor supply.—A nearby supply of a wide variety of 
technical skills and industrial machine and fabricating shops will be required for 
the efficient and economical operation of the facility. 

7. Cultural environment.—It is desirable that the site be in close proximity to 
a eulturally attractive community and to educational institutions in order to 
attract and retain a competent staff. 

8. Transportation and communication.—Adequate transportation and com- 
munication must be available, or readily installed, to support the operation of 
the facility. 

9. Site development costs.—Consideration must be given to the cost of develop- 
ing each site to the level required for the planned facility. 


FUNDS REQUESTED FOR PROPULSION FACILITY 


In fiscal year 1960, the NASA has requested $4,750,000 to start construction 
on the new propulsion facility. In the justifications submitted to the Congress, 
questions have been raised concerning the amounts submitted for water, electrical 
power, roads and fencing, and site preparations. The concern has been expressed 
that inasmuch as NASA has not selected a site for this new facility the figures 
submitted for the above-mentioned items would vary depending upon the 
particular site finally selected. In arriving at the estimates for these items the 
NASA has taken advantage of studies made by its own personnel and the military 
departments in establishing facilities or laboratories in remote areas. The spe- 
cific requirements relating to the remoteness of the site and the climate indicate 
that the estimates for these items are reasonably accurate and will not vary 
substantially in either direction once the site has been selected. 

A site selection committee is currently reviewing the areas in the country 
which meet the above requirements, and it is expected that a selection will be 
made in the near future. In order to reduce the costs to a minimum, only 
available Government-owned land is being considered. The House of Repre- 
sentatives, in taking action on H.R. 7007, deleted this item from the legislation 
but made it possible for NASA to take action on the facility once a site was 
selected. However, the effect of this action was to reduce NASA’s construction 
authorization by $4,750,000. This reduction will place equally critical facilities 
behind schedule by at least a year. 


Dr. Guennan. Then, Senator Young, if we may go to the section of 
our budget on salaries and expenses, and in this connection—there 
was one other point I believe. 

May I reverse my field. Mr. Lehrer spoke to me during the lunch 
period about an equatorial launch site and our interest in one. I am 
sure that if there were an equatorial launch site we would have a real 
interest in it, and I am sure that if there is one developed in the period 
of the next few years, we will be involved in it in a closely coordinated 
fashion. 

Mr. Lehrer pointed out several articles that had appeared in the 
press. I think these are articles which are not founded on very much 
fact and are probably simply fishing for confirmation or denial. I will 
from the NASA standpoint say frankly that we are more interested 
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in trying to determine whether or not it is necessary to have an equa- 
torial launch site than in going ahead to build one. 

With the ability to propel larger and larger payloads into orbit, 
the ability to steer those into an equatorial orbit once launched from 
any other site seems to us at present to be perhaps a more rational and 
less expensive approach in this. So for the record let it be said that 
we are certainly interested in determining what the economics are and 
what the real need for such a site is. But in our budget request for 
fiscal 1960, we do not include any request for moneys for an equatorial 
launch site. Did you have any questions on that? 

Senator Youne. Have you any questions in that connection ? 

Mr. Lenrer. Yes, sir, I have a few questions that deal with con- 
struction. 

Dr. Glennan, the budget justification calls for some $250,000 for 
the in-pile loop and $605,000 for the zero-power reactor at the Lewis 
Research Center. Could you tell us exactly what the relationship 
is between those projects and the work of the Atomic Energy Com- 
mission ¢ 
: a words, why is that work being done by NASA rather than 

vy »% 

Dr. GLENNAN. May I ask Mr. Abbott to speak to that? 

Mr. Aspzorr. Speaking to the more general question first, as to why 
this is not being done by the AEC, we have had a cooperative pro- 
gram for many years now between the NACA and the AEC in this 
general field of nuclear power. 

The AEC has the primary cognizance there in the aspects which 
relate primarily to the reactor. There are many supplementary as- 
pects to this thing, however, which include the whole complex of 
machinery which is associated with the reactor to get the power either 
for conventional nuclear-powered airplanes or for nuclear rockets. 
These fall by agreement in our province as far as research and devel- 
opment is concerned. 

There are also certain research problems on such matters as mate- 
rials, heat transfer, and this sort of thing which have applications 
within the reactor—the reactor construction itself—in which we are 
carrying part of the total research load in cooperation, and of course 
coordinated, with the AEC. 

Now with regard to these two matters that you mentioned, as you 
know, we do have this reactor at Plumbrook Ordnance located near 
Sandusky, Ohio, which is now nearing completion and will be going 
into operation very soon. 

The zero-power reactor is in many respects a duplicate of a large 
pant of the power reactor, but one which is made not to furnish power 

ut to come up to the critical point. 

This is in essence a device to improve the safety of the overall oper- 
ation and also to permit us to determine what problems we may run 
into in conducting experiments in the reactor itself. 

We won't go so far as to say that this zero-power reactor is a must 
from the point of view of safety for the operation of the reactor. 
But without it we will be greatly handicapped in the type of experi- 
ments that we would be willing to undertake without creating hazards. 

This zero-power reactor has been recommended by the safety com- 
mittee of the Atomic Energy Commission. The in-pile loop is simply 
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an experiment to be run in the reactor. The only reason it appears 
in this construction and equipment program which is before you is 
because the price of these items is rather high. 

This one you see is $250,000, which is the limit of our authorization 
for constructing a single piece of equipment. Hence it appears in 
this program. It is, however, a single experiment to be run in the 
reactor, and contains the elements that are necessary to study the 
other parts of the system of a nuclear powerplant, inc luding a single 
fuel element which was inserted in the reactor itself to provide the 
basis for the experiment. 

Dr. Drypen. May I just add one remark. The history of this,-of 
course, goes back a good many years. When the decision was made 
jointly by the old NACA, AEC, and the Defense Department to h: ave 
the NACA obtain a reactor as a research tool, there were letters in 
the record to the Congress recommending this from AEC and from 
the Department of Defense. 

The reactor that we have is a research tool. It is not a prototype 
of a reactor to go into an airplane. It is akin to the materials test 
reactor of the AEC. We have the function, as has been mentioned, 
of dealing with research on the nonnuclear aspects of nuclear propul- 
sion. The various equipment that is used is in the radiation field, and 
so we have to investigate the radiation environment as well as the 
ordinary material properties. 

The zero power reactor is a research tool to make the operation of 
the big one safe because in the big one we are putting specimens and 
when you put a specimen in the reactor it changes the operating con- 
ditions slightly. We will try this out in the zero-power reactor to 
make sure that we are not promoting some unsafe condition in the 
large reactor. 

Mr. Leurer. There is also a request for $2 million for facilities for 
the Rover program. 

Dr. Drypen. Yes. This is being carried out through the AEC. 
That means a facility which we are financing but will actually be 
built by the AEC in support of the Rover program for nonnuclear 
aspects. 

Mr. Lenrer. This will be worked on as an integral part of the AEC 
program ¢ 

Dr. Drypen. That is correct. 

Mr. Lenrer. And the AEC is financing the nuclear aspects itself ? 

Dr. Drypen. That is correct. 

Mr. Wyatr. May I add just a little bit to that? 

The AEC in the nuclear rocket field is doing the reactor work. In 
this particular case we are going to support ‘the pumps and equip- 
ment required to put the propellant through the reactor and this 
equipment here is to furnish the test equipment to put the pumps 
at the reactor site so that we can actually drive a working fluid 
through the reactor. 

Mr. Leurer. So that we could have a complete story on Project 
Rover and the relationship of AEC costs and Department of Defense 
costs to those being borne by NASA 
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Dr. Drypen. There are no Department of Defense costs. The non- 
nuclear support was transferred from the Department of Defense to 
NASA at the time NASA was established. These costs were previ- 
ously in the Air Force budget. 

They now appear in the NASA budget. 

Mr. Lenrer. Will you provide for the record a table that would in- 
corporate both AEC and NASA costs and an explanation of the cri- 
teria used to divide funding responsibility between the agencies? 

Dr. GLENNAN. Yes, sir. 

(The information subsequently provided by NASA is as follows :) 

NASA relies upon the Atomic Energy Commission for research and develop- 
ment work on nuclear reactors. In the cooperative jobs on which NASA is 
working with the AEC, the NASA will be responsible for ineorporation of the 
reactor into the system and for research and development on components other 
than the nuclear reactor. The present AEC and NASA budgets incorporate the 
following division of responsibility : 

(a) AEC budget on reactor feasibility research for the Rover project: 


AEC operation : Million 
WAMU WOO |B aca cient eects eenarncd bonianagelsaamang eile eek trian $14. 0 
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AEC construction : 
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(b) NASA budget on nuclear engine work which includes the NASA Rover 
project : 
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Mr. Lenrer. Your justification also indicates $1,355,000 for a data 
acquisition station on Bermuda which it is indicated will include re- 
ception of telemetering data from rocket and satellite vehicles 
launched from Wallops Island and Cape Canaveral. Please explain 
the function of this station. 

Dr. Drypen. This station is primarily a station for Project Mer- 
cury to determine whether the capsule goes into orbit or whether we 
should terminate the flight. In other words, we have to measure very 
quickly what the speed and altitude of the capsule is. If it comes out 
from the computations that the capsule is not safely i in orbit, then we 
must terminate it and bring it down in the Atlantic where we can 
rescue it, instead of letting it go on and land perhaps in Africa or 
the Indian Ocean or someplace. This is the primary purpose of the 
station. Project Mercury, of course, as you saw, was fired to the 
northeast from Canaveral over Bermuda, and because of the geometry 
so that it would come back and land in the Cape Canaveral area. 

In addition to that primary function, this station will be used in 
connection with satellite firings from Wallops which are a very small 
proportion of the total number of fir ings from Wallops Island, again 
to serve the purpose of seeing whether it has gone into orbit. This 
station will be operated by N ASA personnel. In the Mercury opera- 
tions it functions as a part of the Atlantic Missile Range. In other 
words, during that operation it reports directly into Canaveral. 

39621—59—pt. 2-8 
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RELATIONSHIP BETWEEN WALLOPS ISLAND AND CAPE CANAVERAL 


Mr. Leurer. Dr. Glennan, I wonder if you would cover for the 
committee the exact relationship between the work being done at 
Wallops Island and at Cape Canaveral, since there seems to be an 
impression created that there is duplication between the two. 

Dr. GLennan. I will be glad to. In the first place, let me point out 
that Wallops Island has been a station, an operating rocket launch- 
ing station of the NACA and more recently of the NASA for 14 
years. It is not a Johnny-come-lately which has been built up in com- 
petition with or to duplicate the work of Cape Canaveral. This sta- 
tion will be manned by not more than 300, probably around 250 
peonle. ; 

Its responsibility will be essentially limited to the use of solid pro- 
pellent rockets. It will be used for some few satellite launchings, 
using the Scout vehicle. It is an unclassified station where we can 
take foreign visitors as we develop cooperative programs with our 
friends across the ocean. 

At Cape Canaveral where you have 18,000 personnel involved, you 
have very large, very expensive, and very complex facilities necessary 
to the launching of liquid fuel rockets of high thrust and to many 
others of the military type of rockets and guided missiles. There is 
really no duplication in this, Mr. Lehrer. To take one of our small 
rockets, even a Scout at Cape Canaveral, and this could be done, 
would be a rather expensive venture. 

So far as the possibility of the operation of Wallops Island station 
interfering with the air traffic or becoming a nuisance there, you 
should know that there is essentially no countdown in a solid rocket 
of the types that we will use there. We have entered into agreement 
with the CAA so that the control of our firings is done in New York 
by the CAA controller. There is no possibility that we can see of 
any interference with air traffic in that area. 

Mr. Lenrer. Are these agreements in writing, Dr. Glennan? 

Dr. Drypen. Yes. 

Mr. Lenrer. Could you provide them for the record ? 

Dr. GuennaAN. We will be glad to. Further, I do have here a 
memorandum which is of recent date, May 1, which sets forth the 
functions of the Wallops station and the organization and I would 
be glad to supply this for the record if you wish. 

Senator Youne. Yes; that will be made a part of the record. 

(The documents referred to follow :) 


RELATIONSHIP BETWEEN WALLOPS ISLAND AND CAPE CANAVERAL 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION, 
OFFICE OF THE ADMINISTRATOR, 
Washington, D.O., May 1, 1959. 
Memorandum from the Administrator. 
Subject: Functions and authority, Wallops Station. 
1. Purpose of this memorandum : 
(a) To transfer the Wallops Station to the jurisdiction of the Office of 
Space Flight Development, NASA Headquarters. 
(b) To provide a statement of functions and authority for Wallops Station. 
2. Functions: The Wallops Station is assigned the following functions: 
(a) Making all necessary arrangements for and conducting tests of rocket- 
propelled test vehicles as requested by other NASA facilities or headquarters; 
(0b) Developing supporting or specialized instrumentation necessary in the 
conduct of tests; 
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(c) Developing and construeting necessary launching facilities to be used 
in the conduct of rocket tests ; 

(d) Developing and providing necessary tracking and data-acquisition 
facilities for use in the conduct of tests ; 

(e) Supervising recovery operations as necessary to recover vehicles tested 
at Wallops Station; 

(f) Performing necessary development work in order to make minor modi- 
fications in vehicles under test at Wallops Station ; 

(g) Making special arrangements for use of test facilities by other groups ; 

(kh) Performing tracking as directed by NASA Headquarters on vehicles 
launched at other test facilities ; 

(i) Exercising such procurement and contract administration authority 
as may be delegated by the Director, Office of Business Administration ; and 

(j) Providing necessary administrative and management support as re- 
quired for carrying out assigned programs. 

3. Responsibility of the Chief, Wallops Station: The Chief, Wallops Station, 
reports directly to the Director of Space Flight Development and is responsible 
for the exercise of the functions assigned to the Wallops Station. 

4. Scope of authority: The Chief, Wallops Station, is authorized and directed 
to take such action as is necessary to carry out the responsibilities assigned to 
him within the limitations of this and other official NASA communications and 
issuances. 

5. Relationships with other officials: In performing the functions assigned to 
him, the Chief, Wallops Station, is responsible for recognizing the responsibility 
and authority of heads of divisions and offices, headquarters, and for assuring 
that actions he may take are properly coordinated with headquarters groups hav- 
ing joint interests and are in accordance with NASA policies. 

6. Approval of organization: The basic organization of the Wallops Station 
is outlined on the attached organization chart. Modifications or changes in basic 
organization structure are subject to the approval of the Director, Space Flight 
Development, and the Administrator, NASA. 

T. Keir GLENNAN, Administrator. 
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NEW YORK ArrR RovutTeE TRAFFIC CONTROL CENTER AND WALLOPS STATION OF THE 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION LETTER OF AGREEMENT 


Subject : Rocket and missile test operations. 
Effective: March 1, 1959. 
PURPOSE 


To establish a working agreement and delineation of operating responsibilities 
between the National Aeronautics and Space Administration (NASA) Wallops 
Station and the Federal Aviation Agency New York Air Route Traffic Control 
Center for the purpose of assuring safety for nonparticipating aircraft during 
those periods in which rocket and missile operations are scheduled to be con- 
ducted from Wallops Island, Va., to various points within or through the New 
York oceanic control area. 

NASA will conduct its rocket firing operation in accordance with the con- 
trolled firing concept. To accomplish this, NASA, by means of its surveillance 
capability in conjunction with information received from the New York center, 
will determine traffic in or adjacent to the firing area and shall thereafter 
conduct firing so as to assure safety for nonparticipating aircraft. 


OPERATING PROCEDURES 


A. NASA responsibilities 

The NASA Wallops Station will: 

1. Notify the New York center by telephone, confirmed by telegram at least 10 
days in advance of each individual scheduled launching, when the rocket operat- 
ing area is within the New York oceanic control area. This notification shall 
include: 

(a) time and date. 

(b) description of the rocket operating area including location of impact 
operating area(s) defined by latitude, longitude, and MSL altitudes. The 
size of the area(s) must be such as to assure at least a 95-percent proba- 
bility factor of containing the rocket. 

(c) estimated total flight time in minutes. 

2. The NASA Wallop’s range safety officer will not permit launchings to be 
made when nonparticipating aircraft are (1) within the rocket operating area ; 
(2) within the buffer zone defined as the area lying within 60 nautical miles 
laterally of the impact operating area(s), or 50,000 feet vertically of the rocket 
operating area or the buffer zone while the rocket is in flight. 

3. Prior to authorizing a rocket or missile firing, inform the New York center 
by telephone during countdown at— 

(a) T-6 hours; 

(b) T-90 minutes; 

(c) T--60 minutes; 

(ad) T-20 minutes (direct communications between the New York center 
and Wallops’ range safety officer established) ; 

(e) when, after T-90 minutes, any count is being held for more than 5 
minutes and the estimated duration of the hold. 

4. In case of telephone communication breakdown between the range safety 
officer and the New York center before launching, the range safety officer will 
discontinue count until such time as communications are reestablished. 

5. Give the New York center the following: 

(a) actual time of launching; 

(b) operation termination notification—“Operations Complete. 

6. Immediately advise the New York center when scheduled launchings are 
canceled or postponed. The rescheduling will be at a time mutually agreeable to 
both parties. 

7. The NASA Wallops’ range safety officer, in addition to obtaining data on 
known flights, will be responsible for providing, to the extent practicable, radar 
surveillance and/or visual surveillance in the— 

(a) launching area; 

(b)- the booster stage impact areas; and 

(c) the final stage impact area. 
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B. New York center responsibility 

The New York center will forward to NASA Wallops Station the following 
data : 

1. Flight plans on aircraft estimating to be within or to penetrate the rocket 
area during the period of time from 60 minutes prior to scheduled launching 
time, to and including the estimated duration of the rocket flight, and until 30 
minutes after the rocket firing is estimated to be completed. 

2. All flight plans on aircraft estimated to pass within 60 nautical miles lat- 
erally or 50,000 feet vertically of the rocket operating area during the period of 
rocket operation, 

3. At the request of the range safety officer, this type of flight data will be sup- 
plied for additional areas adjacent to the rocket operating area as specified. 

4. The last current position reports of the aircraft in paragraphs 1, 2, and 3 
above, until such time as the rocket operations are completed. 

5. Should the range safety officer advise that due to conditions beyond his con- 
trol he is unable to withhold or control a rocket firing, the New York center will, 
to the best of its ability, reclear aircraft out of or away from the rocket operating 
area. This shall be considered as an emergency situation. 

GENERAL 

1. In the event that NASA firings have special requirements not covered in this 
agreement, individual coordination will be effected between the participating fa- 
cilities. 

2. It is understood that the NASA Wallops Station is the coordinating agency 
for all launching operations originating at Wallops Island. 

3. NASA will keep FAA informed of the equipinent and procedures used to 
assure surveillance of rocket operating areas. 

4. NASA will provide, insofar as possible, a proposed launching schedule £0 
New York center for each calendar year. 

RoBertT L. KRIEGER, 

Chief of Wallops Station 

LEIGH V. REYNOLDs, 
Chief Controller, New York Center 

Mr. Lenrer. It is noted that no construction funds are requested 
in 1960 for Wallops Island. 

Dr. Grennan. That’s right. 

Mr. Lenrer. Does this ‘Indicate that you have substantially com- 
pleted the buildup program at Wallops Island and Chincoteague ? 

Dr. Gurennan. For the present this would appear to be the case, 
yes. We have no long-range plans for greatly enlarging that. 

Dr. Drypen. It might be well to point out that, as originally 
financed, there were some buildings to be built on the mainland op- 
posite Wallops Island. Then the Chincoteague Naval Station was 
declared surplus, and it did not seem right to anyone to start new Fed- 
eral construction 4 miles away from very ample modern facilities. At 
Chincoteague there are, I would say, in the way of buildings, buildings 
way bey ond anything we can foresee for the use of NASA. 

In later budgets there may be additional instrumentation at W allops 
Island. With the funding already provided, the so-called expansion 
consisted of building a causeway so that we did not lose 20 minutes at 
the beginning and end of every day by ferrying everybody across to 
the island and providing additional radar equipment in taking all the 
housekeeping personnel off the island, putting telemetering at Chinco- 
teague and control centers. So the expansion was really not so much 
an expansion as making the place more efficient in its operation, more 
adequately provided with instrumentation. I guess that is about the 
story. 
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Mr. Lenrer. One final question on construction, Dr. Glennan. In 
our previous hearings you had indicated, or I believe Dr. Dryden 
indicated, that NASA was letting contracts directly rather than 
oper: ating through the Corps of Engineers or the Bureau of Yards and 
Docks. Could you tell us what procedures you use in terms of com- 
petitve bidding versus negotiation ? 

Do you have policies comparable to those of the Corps of Engineers 
and Bureau of Yards and Docks? 

Dr. GLENNAN. Can I ask our business manager, Mr. Siepert, to 
speak on that? 

Mr. Sterert. We are operating in this area in the same fashion as 
the NACA has operated for many years. Because our facilities are 
quite highly specialized, we have built up over the years in our own 
laboratories people who are very skillful in the design of unique func- 
tional facilities. 

We have now, as in the past, been awarding these contracts by an 
active program of competition, and in this direct. competition we seek 
in practically all cases to get this on a fixed-price basis. So this is a 
straight low-bidder arrangement. Customarily our bid list includes 
some 12 to 15 competent construction companies. We handle all of 
our construction in this fashion. We believe we are able to get what 
the Government needs at the cheapest possible price when we handle 
it directly. 

Mr. Lenrer. That is all, Mr. Chairman. 

Senator Youne. Will you proceed, Doctor? 

Dr. Grennan. I would like then, Senator, to turn to the salaries 
and expenses for fiscal year 1960 and ask Mr. Siepert if he will speak 
to the $94,430,000 request which would cover the addition to our staff, 
about 1,027 people at 4 locations, and the services that will support 
them. 

We will refer to pages 5 and 7 in our justification book. 

(The pages referred to follow :) 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


Salaries and expenses, fiscal years 1959 and 1960 





j 
1959 allot- (1960 estimates 


Number of employees 














| ments 
1959 | 1960 jObenge } 
ioe : “te pn tease rae 
WAGGA Hoendquerters.4 4.542... <3 cn. ss sestene 336 | 4ne | +150 $4. 864, 850 $6, 409, 000 
Langley Research Center............-.--.------- 3,333 | 3,333 : 30, 683, 000 32, 724, 000 
PE Le ee eee ee ; 1,509 | 1,500 |___---- 16, 487, 150 18, 352, 000 
Lewis Research Center...-........--.--- capa 2,828 | 2,828 }|.....--- 27, 606, 000 31, 733, 000 
High-Speed Flirht Station...........-.....-.--..- 322 | 322 |_- 2, 833, 100 | 3, 354, 000 
ey ee eee 527 | 1,247| +720) 2, 639, 600 | 14, 744, 750 
Pilotiess Aircraft Station... ...............--.--. 97 250; +153 1, 241, 920 | 3, 626, 000 
PO ee re Ss og le 3 | O9 src 27, 400 | 55, 250 
Western Coordination Office _.........-.-.---- a. 4) 8 | +4 | 49, 605 | 80, 000 
Wright-Patterson Liaison Office.............--- ‘ 2 Sakon 21, 375 | 22, 000 
ae as a cara 8,961 | 9,988 |+1,027 | 86, 454,000 111, 100, 000 
Funded under “Research and development”___.__|_..-..--].-..---|---2. fe) — 16, 670, 000 
i nist cintineasesincess wawchins csiessthossaaest eet 94, 430, 000 


1 Includes anticipated supplemental (Classified Pay Act increase) in the amount of $3,354,000. 
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Estimates of appropriations, salaries and expenses, fiscal year 1960 


Fiscal year Fiscal year | Fiscal year 
1958, 1959, 1960, 
obligated estimated estimated 
| 
01 Personal services 
Number of permanent positions (end of year) - 7, 892 8, 961 9, 988 
Annual cost of permanent positions (end of year) - -- $54, 165, 461 $63, 178, 541 $71, 599, 991 
Deduct lapses . 3, 307, 597 4, 877, 046 2, 749, 856 
Net cost of permanent positions. -- 50, 857, 864 58, 301, 495 68, 850, 135 
Intermittent employment = 925 20, 000 105, 000 
Regular pay above 52-week base- - 206, 102 242, 235 550, 715 
Overtime and nightwork differential _- 305, 627 386, 570 441, 050 
Uniform allowances 7 5, 855 8, 600 10, 600 
Reimbursable details- -. 18, 000 18, 500 
Total, personal services. 51, 376, 373 58, 976, 900 69, 976, 000 
02 Travel_. 402, 178 1, 212, 500 3, 181, 000 
03 Transportation of things 201, 973 279, 000 349, 000 
04 Communications services 224, 348 438, 450 3, 827, 000 
05 Rents and utility services: 
Electric power 6, 349, 831 7, 052, 900 7, 669, 000 
Other utilities 270, 719 382, 300 447, 000 
Rentals 1, 009, 796 1, 707, 100 3, 765, 000 
06 Printing and reproduction 119, 476 139, 140 210, 500 
07 Other contractual services: 
Educational and scientific institutions - - 410, 000 850, 000 (4) 
Other Government agencies-.---- 205, 284 285, 330 | 1 114, 000 
Non-Government facilities_. 531, 179 596, 900 1935, 000 
Repairs, alterations, and minor construction. 1, 119, 757 1, 055, 270 1 1, 728, 000 
Security investigations-.__. 118, O15 180, 000 350, 000 
Federal life insurance. 158, 050 188, 863 213, 560 
08 Supplies and materials_- 7, 120, 273 6, 099, 652 ! 8, 283, 000 
09 Equipment. 3, 275, 013 3, 250, 150 15, 610, 000 
11 Grants, subsidies, and contributions_- 3, 141, 148 3, 740, 275 4, 420, 540 
13 Refunds, awards, and indemnities-_ - | 2,079 | 5, 000 6, 000 
15 Taxes and assessments_. 10, 121 14, 270 15, 400 
Total 76, 045, 613 86, 454, 000 111, 100, 000 
Funded under ‘‘Research and development”’__-. | —16, 670, 000 
Unobligated balance 30, 596 
Anticipated supplemental (Classified Pay Act increase) _-- —3, 354, 000 
Total allotment_.. 76, 076, 209 83, 100, 000 94, 430, 000 





1 Funded under ‘‘Research and development.”’ 


Mr. Srerert. Page 5 is an itemization of our personnel where it is 
located and the changes from the present year to those requested for 
1960. 

Page 7 is a breakdown of the costs in this appropriation by “Other 
object” classification. 

I might call your attention to the fund transfer mentioned earlier 
on the “Research and development” appropriation; there is a deduct 
item on page 5 which you will see at the bottom with the caption 
“Funded under ‘Research and development’, $16,670,000.” 

This deduction shown here has been justified as a part of the “Re- 
search and development” appropriation. It represents the transfer 
out of this account of items which support our inhouse research labora- 
tories, items which are not usually paid for on a periodic or annual 
appropriation basis. We have kept in the salaries-and-expense ac- 
count those items which are repetitive in nature such as our utility 
bills, travel, rentals, communication costs, and the like, since these bills 
become due just like the payroll. 

This leaves us with a net of $94,430,000 to run the various NASA 
field locations and headquarters as shown here on page 5. I call your 
attention to the fact that the largest elements in our program are the 
ones referred to as the Langley “Research Center, and the Ames Re- 
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search Center, and the Lewis Research Center; Langley in Virginia; 
Ames near Palo Alto, Calif.; and the Lewis Research Labor atory just 
outside of Cleveland. 

These three stations plus a smaller one called the High-Speed Flight 

Station, which is located at Edwards, Calif., represent the core of the 
research facilities which were built up under the NACA and were 
taken over with the organization of NASA. With respect to these 
facilities, we are asking for the next year no increase in personnel. 
This, not to say that we are not asking for more funds for them, be- 
cause in terms of the support of these facilities, their materiel and 
equipment costs, these have been increasing, both in volume, in unit 
cost, and in the complexity of the instrumentation that they need to 
do their job. 

But the level of personnel in this area has been kept at its present 
1959 level. You will notice on page 5 that the increases in personnel 
are concentrated in three new areas. One is the NASA he: adqui irters. 
The second is the Goddard Space Project or Spac e Flight C enter, and 
lastly the Wallops Station which is shown here as the pilotless-aircraft 
station. 

These three areas of increase represent programs directly related 
to our new mission in the field of space research. 

Mr. Lenrer. Mr. Siepert, the figures that you have quoted repre- 
sent estimated employment at the ‘end of fiscal year 1959 compared 
with 1960. Could you tell us how your actual employment as of the 
present time compares with the estimates that the justification books 
show for June? 

Mr. Srerert. Yes, sir. Let me give you that as a summary figure. 
1959 shows 8,961 jobs. Our actual employment as of May 15 is 8,706 
jobs. 

Mr. Lenrer. Since the totals are that close, I think we can save 
time if you will provide the details for the record. 

Mr. Srevert. I will provide the comparable ones against each of 
these sites; yes, sir. 

(The information is as follows :) 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


Salaries and expenses, fiscal years 1959 and 1960 


Number of employees 
1959 allot- 1960 esti- 


ment mate 
Mayl5 1959 1950 Change 
on duty 
NASA headquarters----.-.-- - 397 336 486 +150 $4,364,850 | $6, 409,000 
Langley Research Center. - 3, 258 3, 333 3, 333 30, 683, 000 32, 724, 000 
Ames Research Center----- 1, 441 1, 509 1, 509 ; 16, 487, 150 18, 352, 000 
Lewis Research Center - - -- aaa 2,779 2, 828 2, 828 -| 27, 606, 000 31, 733, 000 
High-speed flight station_- Salon gid 305 322 322 .| 2,833, 100 3, 354, 000 
Goddard Space Center___.. scarapeiaieeigaainedbelain 383 527 1, 247 +720 2, 639, 600 14, 744, 750 
Pilotless aircraft station...........---.--- é 137 97 250 +153 1, 241, 920 3, 626, 000 
Patrick Office___- ad wae 13 3 3 27, 400 55, 250 
Western Coor: lin ation Office e 6 4 ~ +4 49, 605 80, 000 
Wright-Patterson Liaison Office_--.-.--..-- idee 2 2 21, 375 22, 000 
,, RS ee i itatotan Glee 8, 961 9,988 |+1,027 86,454,000 | 111, 100, 000 
Funded under “‘Research and development”’.._......-- vi Seca — 16, 670, 000 
Total appropriation__-__-- Sona ; ‘ 286,454,000 | 94, 430,000 





! This figure actually included in figure of Space Projects Center on p. 13. 
2 Includes anticipated supplemental (classified pay act increase) in the amount of $3,354,000. 
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I might say this is a very small vacancy figure. At this date we are 
holding these vacancies because we have one of our best chances in 
years ot get bright young engineering graduates who will come on 
upon completing their graduation the first of June. We actually 
have some 400 acceptances from some 1,200 offers to engineering 
graduates; some of these will come on before July 1, so we will be 
right up to quota. 

Senator Youna. That will be about the middle of June, will it, that 
you will have this available; from then on ? 

Mr. Srererr. This employment is coming on quite rapidly. This 
will be a close photofinish to come right up to this 8,961 jobs by 
June 30. May I say one thing further in explanation here? 

Senator Youne. Yes. 

Mr. Srervert. That the staffing shown here in 1959 represents plan- 
ning that was done at a much earlier date in our programing. These 
figures were actually jelled last fall. We have found that with re- 
spect to the NASA headquarters staff, that we have not been able 
to keep the pace of planning this national program with the head- 
quarters staffing that 1s shown here for 1959. 

As a result, the 336 jobs shown here have actually been revised up- 
ward by our holding back employment in other areas for us to reach 
a target figure of 468 by Jvne 30. Against that headquarters figure 
there are 397 now on board. 

Senator Youne. Dr. Glennan, on March 31 in a letter you wrote 
to Roger Jones, Chairman of the U.S. Civil Service Commission, you 
arrive at a gloomy picture compared to the testimony we have just 
heard. You stated in part in that letter: 

The National Aeronautics and Space Administration is faced with a serious 
problem in the recruitment of qualified scientific personnel for the Nation’s 
space and aeronautical programs. In brief the problem centers about our in- 
ability to meet staffing requirements because of low pay. In order that im- 
portant programs such as Project Mercury may proceed without delay, author- 
ity is requested to raise the minimum rates of pay to the maximum scheduled 
rates of each grade from GS-5 through GS-17 for positions in all series 
identified in Departmental Circular 793, Supplement 15. 

You went on to say in accompanying background information that 
since December 1958, your recruitment situation has steadily dete- 
riorated. Iam now quoting your words, Dr. Glennan: 

Despite intensive efforts we have been unable to attract a sufficient number 
of trained scientists from industry to staff key programs at the middle and 
higher grades because of salary deficiencies. 

Now has that situation markedly changed ? 

Dr. GLenNAN. Yes, the situation has markedly changed and we 
have withdrawn that request. 

Mr. Srerert. May I comment on that, Mr. Chairman, in one way 
here. Our request to the Commission was made in March when it 
looked doubtful that our college recruitment efforts would achieve 
success. We are gratified that we now have had 400 acceptances, but 
we need to keep in mind that the hunting season for young engineers 
occurs only once a year, and it occurs at June. Our figures will show 
that we are in the market in our request for 1960 for 1,000 more peo- 
ple, plus a need to replace that fraction of technical and other people 
who leave us each year. 
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So while we are pleased with the 400, we do have a tight situation 
in terms of assuring ourselves that we will be able to continue to 
attract engineers throughout the year. We think we are fortunate on 
this year’s engineering graduates. 

We know as of now that with respect to this request to the Civil 
Service Commission, we are still offering new college graduates a 
thousand dollars a year less than they will be able to get if they go 
into industry. We are delighted that they like our program well 
enough that they are willing to come with us in spite of that salary 
differential. 

Senator Youna. As of now do you know about the better students 
that are graduating in the middle of June? As of now how are you 
succeeding with them ? 

Mr. Sievert. We know that industry offers on the average $6,500 
for an engineering graduate from a good school. We can offer $5,430. 
For top students the information we are getting from industry is that 
they offer $7,000 or more. Now, of course, we have to offer the same 
salary in the Government whether they are good, medium, or mediocre. 
We don’t offer the mediocre student a job but we are limited to the 
same rate of pay. 

Senator Younc. What do you consider as the better student, the 
top third or the top 25 percent ? 

Mr. Sterert. NACA, our predecessor organization, for some years 
was able to attract the great bulk of its appointees from the top one- 
quarter of the graduating class. I do not have the figures with me, 
but that situation deteriorated from 1950 when NACA got the great 
bulk of them from that level, to a greatly reduced proportion of the 
top quarter of the students by 1957. This I think was our low year. 
This is improving. I can probably supply information for the record 
on where the standing of our applicants is at the present time. 

Senator Youne. Then at the present time let’s give consideration to 
the top 25 percent of the number of the graduating students this June. 
Are you able to give this subcommittee an idea or the committee an 
idea as to how you are faring with the top students? 

Mr. Suerert. I do not have that figure, and I am not sure I could 
supply it immediately. I will have to check with our Personnel 
Office. My estimate on this would be that we are not in this respect 
doing as well as we were in years prior to 1954, because the competi- 
tion for the top student is very keen. 

Senator Youne. You will, by early in June, be able to have that 
information ; will you not? 

Mr. Strepert. I think we could; yes, sir. 

(The information referred to is as follows :) 


STATEMENT ON THE QUALITY OF THE 1959 BS Science GRADUATES ACCEPTING 
PosiTrIons WITH THE NASA 


Of the graduating scientists and engineers hired this year by NASA, 52 per- 
cent were in the top one-fourth of their graduating class. This compares with 
70 percent in 1951 and a low of 33 percent in 1956. In 1956 and 1957 the figure 
rose only to 35 percent. The 52 percent is a marked improvement over the 
preceding 2 years, no doubt because of the appeal of the Agency’s new mission 
and the widespread publicity NASA has received. 

The NASA has been less successful in recruiting graduates with advanced 
degrees. NASA this year has made 161 offers to graduates with masters de- 
grees and 43 accepted. Similarly, NASA made 42 offers to Ph. D.’s and only 
5 accepted. 
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Senator Youna. Dr. Glennan stated in his letter at that time: 
A serious decline in recent years was also noted in the percentage of better 

students accepting NASA employment. 

Do you think that situation really is changed as of now, markedly 

changed 2 

Dr. Glennan, will you be able to give this committee that informa- 

tion by the middle of June? 

Mr. Sievert. We will do our best, sir. Part of the difficulty we 
have on this is that getting class standings and the like is related to 
final grades a man gets when he graduates, so we get the final informa- 
tion actually after he has been e mployed by us. Complete information 
on this probably would not be available until a later time in the 
summer. 

Senator Youne. What are the facts, from your own observation, 
about the top 25 percent of the graduates? Is it frequently the case 
that a graduate who did not attain that high rank scholastically may 
in initiative and industry and other qualities turn out better? 

Mr. Srererr. Yes; one always has to include this in one’s possi- 
bilities. However, in spite of a lot of people who are working to im- 
prove methods of prediction in this area, no one has come up with a 
particularly better diagnostic tool than academic standing in order to 
then determine how one will do in research. 

Senator Youne. Dr. Glennan, relative to the recruiting problem 
information to be submitted by the middle of June, will you also be 
able to submit to the committee all of the related information, includ- 
ing recent correspondence with the Civil Service Commission, on this 
problem ¢ 
Dr. GLENNAN. Yes. 

Senator Youne. So we may have that for the record? 
Dr. GLENNAN. Yes, sir. 
(The information referred to is as follows :) 


STATEMENT ON THE PRESENT STATUS OF THE NASA REQUEST FOR TOP-OF-THE 
GRADE PAY FOR AERONAUTICAL RESEARCH SCIENTISTS 


The correspondence referred to in the above questioning covers NASA’s initial 
request and ends with NASA’s presentation of additional information sub- 
mitted at the request of the Civil Service Commission. The complete file is 
enclosed. paeoenny. after discussions between NASA and the Civil Service 
Commission, the NASA request has been withdrawn for several reasons. There 
are substantial administrative difficulties in raising aeronautical research 
scientists to the top of the grade for a single agency, since similar positions exist 
in other agencies. The Defense Department, which has nearly all such positions 
outside of NASA, does not support the increase because it does not at present 
face hiring needs for these skills to the extent NASA does. Finally, our spring 
recruiting of college engineering graduates has had better than expected results. 
Out of 1,200 offers, we found 400 acceptances. These efforts were successful in 
all our large research centers except for our high-speed flight station, located in 
a remote site in California, where 32 offers were made with only 1 acceptance to 
date. 

The encouraging upturn in college recruiting, however, has not been matched 
in the recruiting of certain types of experienced scientists and engineers in 
grades above the entrance levels. Specialists in such fields as space tracking and 
communications are in short supply. 
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U.S. CIVIL SERVICE COM MISSION, 
BUREAU OF DEPARTMENTAL OPERATIONS, 
Washington, D.C., April 9, 1959. 
To: Heads of departments and independent agencies. 
Subject: Request from National Aeronautics and Space Administration to in- 
crease the minimum rate of pay for aeronautical research scientists. 
(Attention : Directors of personnel.) 

The Civil Service Commission has been requested by the National Aeronautics 
and Space Administration to further increase the minimum rate of pay under 
section 803 of the Classification Act for positions in the 34 specializations listed 
in Departmental Circular 793, supplement 15, grades 5 through 17. 

The request specifies that the minimum entrance rate for each grade be set 
at the top step. Geographic coverage: Nationwide. 

The agency has submitted information to show : 

(a) The number of vacancies now and anticipated within the next 12 
months. 

(b) The supply of eligibles available for filling positions in the 34 special- 
izations. 

(ce) Recruiting experience for these positions. 

(d@) Salary rates paid by non-Iederal employers. 

The law specifies that a decision to raise the minimum rate will require all 
Federal agencies to increase the pay of their current employees in the specified 
classes of positions to the new minimum rates and to hire all new employees at 
the new minimum rates. 

We are furnishing this information so that you may consider the effect it would 
have on your department (or agency) if the requested increases are granted. 
You should consider your own recruiting experience in regard to these positions, 
the number of such positions in each grade in your department or agency, and 
your present and anticipated needs for these positions. 

On Friday, April 17, at 9:30 a.m., a meeting will be held in room 377, Civil 
Service Commission, main building, Eighth and F Streets NW., to consider the 
effect of NASA’s request on all Federal departments and agencies concerned. 
If your department or agency employs an appreciable number of persons in these 
or related positions, please send a representative to this meeting authorized to 
present the official position of your department or agency. 

If you care to present your official position in writing, please address it to the 
Commission, attention Examining Division. room 207-P, and submit it either 
at or prior to the meeting. 

Sincerely, 
DONALD R. HARVEY, 
Chief, Examining Division. 


Hon. RoGer JONES, 
Chairman, U.S. Civil Service Commission, 
Washington, D.C. 

DEAR Mr. JoNeES: The National Aeronautics and Space Administration is 
faced with a serious problem in the recruitment of qualified scientific personnel 
for the Nation's space and aeronautical programs. In brief, the problem centers 
about our inability to meet staffing requirements because of low pay. In order 
that important programs such as Project Mercury may proceed without delay, 
authority is requested to raise the minimum rates of pay to the maximum sched- 
uled rates of each grade from GS—5 through GS-17 for positions in all series 
identified in Departmental Circular 793, supplement 15. 

Supporting information pertient to this request is contained in the enclosure 
to this letter. 

Because of the urgency of the present situation immediate approval of this 
rate increase is respectfully requested. 

Very truly yours, 


T. KeirH GLENNAN, Administrator. 
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PROPOSED MINIMUM RATE INCREASES FOR 34 SHORTAGE CATEGORIES IN AERO- 
NAUTICAL RESEARCH, UNDER SECTION 803 OF THE CLASSIFICATION ACT OF 1949 


On December 9, 1958, the National Aeronautics and Space Administration 
requested top of grade pay for scientists and engineers. This was a renewal 
of prior requests made by NACA. Supporting information presented on Au- 
gust 21, 1958, at the request of the Civil Service Commission, showed 583 esti- 
mated vacancies, of which 449 were in 34 shortage categories of aeronautical 
research scientists. Our current vacancies in these 34 categories total 425. 
Additional data concerning numbers on roll, losses, offers, and declinations, and 
the like were also submitted. These data are still generally correct. A seri- 
ous decline in recent years was also noted in the percentage of better students 
accepting NASA employment, as shown on attachment A. This request was 
not approved. 

Since that time our recruitment situation has steadily deteriorated. Despite 
intensive efforts we have been unable to attract a sufficient number of trained 
scientists from industry to staff key programs at the middle and higher grades 
because of salary deficiencies. 

The NASA therefore has requested and received from the Civil Service Com- 
mission the names of approximately 3,000 scientists and engineers on various 
civil service registers in the United States as a possible additional source of 
personnel. We have written some 1,250 letters to those with a background which 
appeared suitable for our work. Of these, some 200, or 16 percent, submitted 
applications, and of these 5 people met our special experience requirements and 
were offered appointments. Only two of these accepted appointment. Although 
we will continue actively to explore such recruitment possibilities these registers 
have not been a reasonable source of personnel nor a reliable indication of the 
supply of talent for our programs. 

Meanwhile NASA most urgently needs personnel of high quality to staff critical 
programs such as project Mercury. Of the 340 professional personnel required 
by this project, 186 have been brought in, a large number by transfer from 
other urgent NASA programs. As you know we are getting 32 scientists quali- 
fied in our work from Canada for this project, and these are included in the 
186. There remain 154 positions for Project Mercury alone which must be 
filled immediately. In addition to our intensified national advertising program, 
we have recently taken a new approach in order to fulfill these requirements. 
Under this approach we are doing concentrated recruiting at all levels in cities 
with large scientific populations. In the last 2 weeks recruiting teams have 
visited Baltimore, Boston, and Atlanta. Each of these visits was publicized 
by 7-inch column ads in local newspapers run for 3 days. In Baltimore we 
attracted 15 interviews, in Boston 6 interviews, and in Atlanta 10 interviews. 
Of these 31 people, only 10 met our minimum qualifications, and all 10 were 
offered appointments. The discussions on pay reported by our recruiters make 
it problematic how many will accept. 

In our college recruiting program our largest installation reports that declina- 
tions are high. The impressions of our recruiters on this program are not 
optimistic, although a full appraisal will not be available until it is too late 
to do anything about it. 

Recent salary surveys, notably the 1958 survey of professional income of 
engineers, prepared by the Engineers’ Joint Council, show a wide discrepancy 
between Federal rates and comparable industry rates. While exact comparisons 
at the higher grades cannot be made from this type of survey, a disparity of 
$895 per year between the Federal hiring rate for quality B.S. graduates (GS-7, 
$5,430), and the median salary of $6,325 for 1958 graduates in the aircraft 
manufacturing industry is indicative of the lag in Federal rates which underlies 
our recruiting difficulty. 

Enclosed are a few examples of unsolicited letters recently received from 
applicants declining our offers because of salary (attachment B). Such letters 
are indicative of the recruitment crisis with which we are now faced. 

The NASA has a large majority of the Federal! positions in the 34 categories 
identified in departmental Circular 793, supplement 15. In view of our recruit- 
ing difficulties we believe that immediate action is both necessary and justified 
under section 803 of the Classification Act of 1949 to raise the minimum rates 
for these classes to the maximum scheduled rates at all grades. 

Attachments: 

A. Graph of quality of recruits. 
B. Declinations of employment (five letters). 
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AERONAUTICAL RESEARCH SCIENTIST RECRUITING ABOVE THE 
MINIMUM REQUEST, MarcH 31, 1959 


Additional information supplied to Civil Service Commission personnel 
in support of subject request 


APRIL 16, 1959. 


STATEMENT OF NASA NEEDS OF AERONAUTICAL RESEARCH 
POSITIONS IN FOREIGN COUNTRIES 


NASA programs such as the worldwide minitrack network require aeronautical 
research positions in foreign countries in the categories specified in Departmental 
Circular 793, Supplement 15. These commitments and our rapidly expanding 
future requirements urgently require tht the rates for foreign positions in these 
categories be no less than within continental United States, in order that we 
may recruit and retain the highly qualified personnel necessary for these opera- 
tions. Therefore, a top-of-grade increase for these positions is necessary as a 
part of our request of March 31, 1959. 


Estimated costs of proposed increase in minimum rates for NASA 
Research scientists, April 16, 1959 


(a) ema GR GE Bn se Be eh eee, $94, 110 
(6) Personnel needed in next 12 monthé..... .. ec ccn ae 570, 390 
*(6, 942, 050) 


tea cio asain ahr candi dnelaoneel ete Te has seisiilaeitae ie apf ee 664, 500 
1 Total payroll cost of personnel needed. 


Losses of aeronautical research scientists, period Oct. 1—-Dec. 31, 1958 (NASA, 
except Beltsville Space Center figures not available) 


Number Number 
Grade: of losses | Grade: of losses 
SUP ND i csctsigh in aSnenanehipele ook ieitio secu 6 Gees a 1 
es re 6 — 
Cr cect ligneciu 18 Total all grades__________ 47 
cial lacs ceieea islamic 8 POET GI oo ascetics 2, 070 
easier eaniain iene 6 Annual loss rate (per- 
nisin sis ealimarcemeean abate 2 COME on ob ee 9.1 
16. 8S eh ciliate 0 
NASA research scientists—Number of personnel on rolls as of Dec, 31, 1958 
Grade: Steff | Grade: Staff 
Sais oc tctieaennlistiots 86 ON hi Ea i i 255 
OS ES eS eee LE eee 112 sich ca ccna ere nagwatont 163 
a antl Rn ret cats cecal 278 bccn ettiecckiehk eee 2 
NE sid pscceneateeiang ck haga 302 eee ee 108 
Sen Se ee 404 — 
hh ce secis dase ce 469 OE ii hi Sh cca i 2,179 


NASA scientific vacancies now and for next 12 months, as of Apr. 10, 1959 








‘it l 
| Immediate | Needs for ] 
needs | nexti2 | Total 
months | 
| 
I alilacarhaies s Ss aetelie IES 
RSE ta thd nbanbactetichadrakea | 102 | 108 | 211 
ie iin BB ia 67 | 97 164 
Ig ono ae 94 | 82 | 176 
RP lacie iienceddgsa absentee sear seetgtlatnes 80 | 60 | 140 
I ; = 54 | 51 | 105 
Gita ees fo en oe es 35 Lod 23 | 19 | 42 
i iat ‘atti ‘ anal 5 2 | 7 


Tht. a3 4B cee inGidsdacaatemeoiees 425 | 420 | 845 
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Senator Young. Any other questions / 

Mr. Lenker. No, sir. 

Senator YounG. Dr. Glennan, will you proceed now, please? Have 
you anything to add, as tothe personnel problem 

Dr. Guennan. I would add only one thing: I do believe that 
while we are able this year by reason, I think, of the glamour nature 
of our activity, and I hope it is because we have an imaginative pro- 
gram laid out, to attract these younger men, we still suffer, as I think 
any other technically oriented agency of Government does, at the very 
high levels, the upper grades, as contrasted with industry. 

T don’t know any solution to that at the moment. We have done 
reasonably well. We keep working at it and it seems to me to be a 
governmentwide problem. We have done, I think, reasonably well on 
this so far. Would you proceed, Mr. Siepert? 

Mr. Sterert. [ have nothing further to add except to be responsive 
to any questions that you may wish to raise on the increases that are 
involved here, either in personnel or money. 

Senator Young. Have you any questions, Senator Martin ¢ 

Senator Martin. No. 

Senator Younc. Have you any questions, Senator Cannon / 

Senator Cannon. No. 

Mr. Lenrer. I have one question, Mr. Chairman. 

It is noted that there is a rather substantial increase in travel ex- 
penses from 1958 to 1959 and from 1959 to 1960. 

In 1959 travel is estimated at $1,212,500; in 1960 the estimate is 
$3,181,000. 

Will you please explain the reason for this apparently large in- 
crease ? 

Mr. Stererr. May I answer this in general terms and then Mr. 
Ulmer will have some specific projects to give you. The basic reason 
for the difference in travel is that we are a quite different organization 
in terms of the mission we now carry out in this space are: 

In the past when the NACA had its mission related to aeronautical 
research and development, there was travel between stations, domestic 
travel to tie in with the military and other research installations, but 
the international part of NACA travel was actually quite small. 
Even domestic travel was of a small order compared to what 
NASA must undertake when we take on a responsibility that ties in 
with many more agencies, many contractors throughout the country 
with whom we did not have business before, and many different. coun- 
tries and different sites. 

You saw this morning some indication of the extent of our world- 
wide responsibilities in the tracking stations which are located around 
the globe. When it came to estimating what our 1960 travel needs 
would be, we took particular cognizance of the travel experience of the 
Vanguard group, which was transferred to us from the Navy Depart- 
ment. There was a group which started out from scratch to develop 
specifically an orbiting satellite, including the establishment of a 
network in other countries to trac ‘k the satellite. 

From that experience we have extrapolated a NASA travel estimate 
for similar travel activity in our kind of a program. This is the best 
way we know to estimate our travel requirements. That is why they 
are substantially higher than anything in our previous experience. 
Mr. Ulmer, you may want to add something further. 
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Mr. Umer. As a guideline, Mr. Chairman, the NACA travel re- 
quirements averaged out somewhat less than $100 per year for many 
years. 

Dr. Drypen. Per man. 

Mr. Utmer. Per man per year. The Vanguard experience Mr. Sie- 
pert referred to came to something in the order of $2,800 per man per 
year. We have applied that factor for a portion of the NASA people 
that will be engaged in the type of activity similar to Vanguard, and 
have provided something similar to the NACA experience for the 
balance of the people. 

The figure for 1960 comes out somewhat on the order of $330 per 
employee. Now admittedly we do not have a full year of operation 
and a full year of experience to support this estimate, but we feel it is 
a reasonable estimate within these two guidelines that we had to work 
with. Within another year we will be able to make a more accurate, 
more reasonable, estimate. 

Senator Youne. Are there further questions on this? Will you 
proceed, Dr. Glennan. 

Dr. GLtenNAN. This I think, Mr. Chairman, completes our discus- 
sion except for the executive session and for discussion of some pro- 
posed causes which we have in the bill. 

Senator Youne. Mr. Lehrer has a few overall questions to ask of 
Dr. Glennan. Proceed. 


ADEQUACY OF FISCAL YEAR 1960 AUTHORIZATION REQUEST 


Mr. Lenrer. Dr. Glennan, when you testified before this subeom- 
mittee in February on the 1959 supplemental request for $48,354,000, 
you indicated that while you did not agree with Mr. Roy Johnson 
that an additional supplemental appropriation was required for fiscal 
year 1959, you were reasonably certain that additional funds may be 
required for 1960. 

We note that there have been a series of changes in the details un- 
derlying the program presented to the committee which is under- 
standable, since you had an additional experience and additional time 
to perfect the budget estimates. 

But we would like to get your current thinking on the question of 
a supplemental. Is the program and budget that you are presenting 
to us for 1960 enough in your judgment, or have you been limited in 
any reprograming that you did to stay within the initially prescribed 
figure ¢ 

“Dr. GLENNAN. We have been limited to an extent, I think. On the 
other hand, I think what we have today, Mr. Lehrer, is a very much 
more sound program, a program that is "attainable with a given sort 
of results that we ought to have in this first year of our operation. 

There is this about it. There is now no slack in this budget at all. 
It is wholly possible that one could find a million dollars here or $3 
million, some item of this sort which you could challenge and say 
well, let’s do without that. But I can show you 10 items where that 
$1, or $2 or $3 million would ease what is going to be a bind as we go 
along. 

I have discussed this matter with the people in the executive 
branch of the Bureau of the Budget and with the President himself. 
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In looking at our total projected program we have his assurance 
that if we are in difficulty in carrying out with urgency the program 
which we have thus far planned, I can come back and will go back 
through channels to request a supplemental in 1960. Whether this 
is going to be necessary is not yet dl sar, however. 

Mr. Leurer. Dr. Glennan, earlier today in pressing for approval 
of the one site which the House did not give you, you pleaded that 
action should be taken today, because if you had to wait until Con- 
gress reassembled in January you might not get it then or it might 
take some time. 

Do you visualize that you will require any additional authorization 
between now and January or now and March ? 

Dr. GuEnNAN. I am tempted to take the easiest way here and say 
it would be wonderful to have authorization for twice as much money 
as we have requested, even though we stay with our appropriation 
request, simply to give us freedom to move should that become neces- 
sary for any reason. 

There may be a technological breakthrough or some other sound 
reason that would push us forward and that the Congress would 
want pushed just as much as we. I think, under the circumstances 
that I have described, however—the development of a program and 
the sound development of an organization—that we are in reasonable 
shape as we have presented this to you here. 

Mr. Lenrer. Could you summarize for us briefly and then present 
details for the record, as to the changes that have been made to your 
programs as between those that you had supporting the total request 
of $485,300,000 in December and the programs as you have presented 
them to this committee today ? 

Dr. Guennan. I think, Mr. Lehrer, that some indication of this 
was given in my opening statement. The portion of the program 
which has been given more support, if you will, relatively speaking, 
is that of the development of new vehicles. 

The reason for this is simple. We have found that the vehicles 
available to us are very much less than adequate for carrying on a 
program of research in space. We could perform the same sorts of 
experiments over and over again at very substantially higher costs 
than we think we will achieve in the course of the next year or two. 
But we have taken the planned route of attempting to develop a 
family of vehicles at as early a date as possible that will make it 
possible for both the military departments and ourselves to get on 
with putting more complicated, more sophisticated, and heavier 
payloads into space at an early date. 

Now in doing this, we have stretched out, if you will, some portions 
of our program, in the field of space science. We have reduced the 
number of firings in this year and in 1960 and stretched those firings 
out into 1961. 

I think when we go into executive session you will see that our 
firing schedules and firing rates are still very substantial. We have 
reduced by $3 million the amount that we had hoped to put into this 
contract research. We have reduced by perhaps a quarter some of 
the work in advanced technology. We have transferred thot work 
into hardware in the development of the vehicles which are described 
as Scout, Vega, Centaur, and the Thor-Delta. 
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By the time that these vehicles—let me put it in terms of calendar 
years. By the end of 1961—I think our people have calculated on 
the program which is presently supported by this budget, and most 
of the vehicles which will be fired into 1961 are in this budget—we 
will have placed in orbit or into deep space programs double the 
weight that would have been possible had we not done this and gone 
forward with the development in this vehicle program. 

We have tried to place first things first. These take manpower; 
these take money. There is a reasonable limit at which you can go 
to develop a program of this sort. Where you develop an organiza- 
tion of this sort, I think this is exactly what we have done. I will be 
glad to put the detail in the record if you wish. 

Mr. Leurer. Yes; we would appreciate that. 

(The document referred to follows:) 
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FUTURE COSTS 


Mr. Lenrer. In your testimony in the 1959 supplemental, you said, 
and I quote: 

Today we are making the downpayments on programs that will inevitably 
cost very much more in the years ahead. 

It would be appreciated if, in reviewing the record, you would 
insert after each of the various items covered in the detailed justifi- 

cation, wherever it is practicable to do so, the best estimates that you 
an make of either the costs that would be involved in 1961 and in 
1962 or, in the case of some of the construction programs, the costs 
that you now foresee to complete the capital equipment for the proj- 
ects involved. 

In other words, as much information as you can give us as to future 
costs in this rapidly evolving field so that the committee will be able 
to point to the nature of the ultimate bill that will be involved in 
the very projects covered by this 1960 authorization. 

Dr. GLENNAN. I will be glad to do that to the extent that it is pos- 
sible to give you a rational figure. 


DEVELOPMENT OF FISCAL YEAR 1960 BUDGET 


(The following information was subsequently provided by NASA:) 


The Administrator has testified that future budgets of the National Aeronau- 
tics and Space Administration would exceed the present budget currently before 
Congress, and might double or triple in amount over the next 3 or 4 years. This 
testimony is based on the assumption that the American people desire U.S. lead- 
ership in space exploration and aeronautical activities and the administration 
and Congress approve the funds requested. It does not take into account any 
major breakthrough in Space or aeronautical technology which would reduce 
the necessary moneys to a corresponding degree. 

Since most of the NASA’s newer research and development activities will be 
accomplished through contract with nongovernmental institutions and resources, 
there is no present expectation of any major increase in NASA’s personnel. 

In research and development (without overrun) completion costs beyond fiscal 
year 1960, of new space engines and vehicles, are tentatively estimated as 
follows: 


Million 
1,000,000-pound-thrust single-chamber engine___--_------_-----__-____- $61. 70 
is ssa is cinch cps cits hn taepsedcncldin a intn aged ee eee 10 
WI aia iss cs caches cs aes caches dN le gs nl caine thes eee 26 
a asa sin ibe enced ces cassclee a ee ee 34 


The level of activity and rate of progress in other areas of research and de- 
velopment make it impossible to estimate future costs at this time. Fairly sub- 
stantial increases in basic and supporting research will be required to maintain 
a reasonable rate of progress. 

However, in the space science flight program, after development of the newer 
vehicles, the estimates for the average cost per launching tentatively appear as 
follows: 


Million 
eta. A. he oo eee. ee ee a ee ee ee $1.8 
is nasi neste sc ahastnsecpenstns kde wari bbe addicts a cca: eae eles ie ete eee 5.0 
ait nictienccecrm ete tails data idee Bola uncn iil, SR eee 10. 0 
I ais sinstnslpbe athe Nendatdeghenscbin an nacntabescetnaiadeiad de -acie radii sctbeninn emcee tet a 13.0 


These figures include the costs of the vehicle, payload, and launching. 

As far as construction and equipment are concerned, the new responsibilities 
of the NASA will require some increase in construction of laboratories and test- 
ing equipment at the research centers. The scope of this increase cannot be 
determined at present. 
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In the tracking area, funds already requested from Congress will substan- 
tially complete the minitrack and optical networks. It is expected any moneys 
subsequently requested will be for modification equipment. Additional track- 
ing apparatus for deep space probes will be required. The estimates are in- 
determinate as they depend on advances in the state of the art in communica- 
tions equipment. 

Additional tracking and range operations for Project Mercury will be neces- 
sary. The progress made in the program will make clear the additional sums 
required. 


Mr. Lenrer. And could you also submit for the record a complete 
chronology covering the development of your fiscal year 1960 budget, 
starting ‘from estimates submitted by the field installations, if that 
was the sequence, bringing it up to date? 

Dr. Drypen. I think one point should be made. Since NASA did 
not come into existence until October 1—the budget was due Septem- 
ber 30; it was submitted by NACA—it is obvious ‘that it was not built 
up from field installation requests. 

A preliminary estimate was submitted in the budget, and we will 
put all of the details into the record. 


(The following information was subsequently submitted by 
NASA :) 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


Chronological history of fiscal year 1960 budget 


Salaries Research Construc- | 
and and de- tion and Total 
expenses velopment equipment 
| 
Preliminary and tentative estimates__-_--_- .-|$93, 000, 000 | $442, 200, 000 _ 000, 000 |$625, 200, 000 
(These estimates were prepared during late | 
September and early October 1958, at the time 
the NASA was being organized and staffed. 
Portions of the preliminary estimates, partic- | 
ularly those relating to the operation of, and the | 
construction of facilities at, the NACA labora- | 
tories taken over by NASA, were supported by } 
detailed backup material. The balance of the 
estimates, particularly the amounts estimated | 
under the R. & D. title were, of necessity pre- | 
liminary and tentative in nature.) These esti- 
mates were prepared by top officials of NACA | , 


pending organization of NASA. 
Revised estimates submitted to Bureau of the Budget.) 94, 430,000 | 350, 070, 000 
(By mid-November 1958, the Administrator 
and his staff had completed a thorough analysis 
and review of the preliminary budget and had 
coordinated the proposed amounts with the ap- 
propriate agencies of the Department of Defense. 
The results of these reviews culminated in the 
submission of an NASA budget request totaling 
$523,600,000.) 
Amounts approved by the Bureau of the Budget for 
inclusion in President’s budget (December 1958) .. | 94,430,000 | 333,070,000 | 57,800,000 | 485, 300, 000 


9, 100, 000 | 523, 600, 000 

















Mr. Lenrer. There is one further thing that would be helpful for 
the record. Would you indicate the firms, institutions, or agencies who 
are currently receiving contracts for the various projects for which 
funds were covered either in 1959 or 1960? 

Dr. Grennan. That is no problem at all. 

Mr. Lenrer. We recognize you cannot project who will get contracts 
in’ 1960. 

Dr. GLENNAN. I will give you those that have been signed, of 
course. 

(The information referred to is as follows :) 
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Senator Srennis. I certainly thank Senator Young and the other 
members of the committee, Dr. Glennan and Dr. Dryden, and all, for 
carrying on. I am sorry I missed any part of your proof. I will 
get myself filled in in one w ay or another. I want to ask you this, 
Doctor: This morning, after inquiring if we wanted detailed proof 
on the installation items, you referred to them thereafter as a group. 

Turn to your justification book, if you will. What did you include 
in that group that you have testified to? I believe you said there was 
several hundred million dollars. 

Dr. GLENNAN. No, sir; it is on page 322, is it not? 

Senator Stennis. Well, I mean more than just 

Dr. GLENNAN. There was $57,800,000. 

Senator Srennis. I thought we were talking about more funds. 

Dr. Guennan. No, sir. This is simply the pieces of equipment 
that are requested for our research centers in support of research 
activities going on. 

Senator. STENN is. Your group statement then was limited to pages 
322 and 323; is that all,sir? That is the entire amount of construction 
and equipment that was requested ? 

Dr. GLENNAN. Yes, sir. 

Senator Srennis. I thought that you had other items. I am very 
glad to have you answer that question. Have you covered the other 
items here on page 202 ¢ 

Mr. Leurer. Yes, sir. 

Senator Stennis. During the first phase of these hearings, Sena- 
tor Cannon indicated that he would like to have your opinion con- 
cerning the effect of a 10 percent overall reduction in the funds you 
have requested for fiscal year 1960. Would you please supply such 
a statement for the record ¢ 

(The following information was supplied by NASA :) 

As testified to in the hearings, the National Aeronautics and Space Adminis- 
tration has made a major decision, implemented by reprograming, to bring into 
development at the earliest date, the major new space engines and vehicles re- 
quired for the exploration of space. The required research and development 
work on these vehicles is substantially involved in the funds requested for fiscal 
year 1960 by the NASA. In order to regain valuable time previously lost, the 
use of funds for these new vehicles deprived NASA of backup programs in its 
satellite and deep space launching schedule which is the insurance that research 
programs normally require. A reduction in funds requested where funds are 
already critical, would surely jeopardize the Nation’s space program. 

The dynamic nature of this new field of scientific effort at this early time in 
its development, has meant that estimates made in the first 2 months of NASA’s 
operation as an agency have been more conservative than expected. The costs 
of new activities in space are greater per unit accomplishment, in early phases 


of the program, than had been expected. Thus, a cut of 10 percent or of any 
amount, must seriously affect and delay the Nation’s program. 


Senator Stennis. Does anyone have anything to say now before we 
go into executive session ¢ 

Senator Martin, do you have a question ? 

Senator Marri. No, sir. 

Senator Stennis. Senator Cannon? All right, gentlemen. We will 
have to have an executive session now, please. 


(Whereupon, at 3:30 p.m. the committee went into executive 
session. ) 








[Executive hearing as cleared by the National Aeronautics and 
Space Administration] 
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THURSDAY, MAY 21, 1959 


U.S. SEnaArEs, 
NASA AvrTHoRIZATION SUBCOMMITTEE OF THE 
CoMMITTER ON AERONAUTICAL AND Space SCIENCES, 
Washington, D.C. 


The subcommittee met, pursuant to recess, at 3:35 p.m., in room 
224, Old Senate Office Building, Senator John Stennis (chairman of 
the subcommittee) presiding. 

Present : Senators Stennis, Cannon, Smith, and Martin. 

Also present: Max Lehrer, assistant staff director, and Dr. Earl 
W. Lindveit, assistant chief clerk. 

Senator Stennis. All right, Doctor, will you proceed? We are in 
executive session. 

FUTURE FIRING SCHEDULES 


Dr. GLENNAN. I want to point out, Mr. Chairman, that this is not 
classified information in the ordinary sense of that term. What we 
are saying is we would like you to see how we are scheduling flights 
through 1961. As Dr. Dryden put it the other day in a House ses- 
sion, we don’t get this sort of a schedule from the Russians. 

We would dearly love to have such a schedule from them. We 
don’t want to give them ours. And so we ask that this be kept ad- 
ministratively confidential here. But we want you to see the char- 
acter of the activity and the frequency of these firings which are 
covered by this budget. 

Senator Stennis. I think we can say to the committee and the staff 
then that it is classified on the basis of honor and we will accept it 
assuch. All right. 

Mr. Wyarr. This chart shows our tentative firing schedule in the 
categories except that of manned space flight, and I will later on 
show you a chart covering the manned-space-flight operation. 

We break this down into three areas, our scientific program, the 
two applications areas, and then test vehicles. On this chart you 
5 anet cannot see where I have made some penciled corrections 

ause the chart has been slightly revised. 


I would like to call your attention to the fact as you undoubtedly 
know that there was a tentative probe at the planet Venus planned 
for June. 
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We found it necessary for technical reasons to postpone that shot. 

| Deleted. | 

Now our other shots in here through the rest of this year include 
two more Vanguard firings. [Deleted.] These Vanguards will com- 
plete the series of the Vanguard-programed firings. 

Then we have in here a number of the Juno II vehicles, some of 
which are carryovers from the original IGY ARPA orders, and five 
of which represent our last series of orders with ABMA. [| Deleted. ] 

[Deleted.] This is similar to the Thor-Able, using the Thor first 
stage and the Vanguard second and third stages, but the Delta does 
include an upper stage guidance and it has structural modifications 
which will permit us to carry a much heavier payload than is possible 
with the Thor-Able. 

You may recall the discussion of a large inflated sphere from which 
we will bounce radio signals. 

This is the Atlas vehicle with a storable third stage. 

Two of these are destined to be space probes. [ Deleted. ] 

Now the third important vehicle—well, in here we have the Scout 
vehicles. These are the solid, four-stage solids that are being de- 
veloped by the Langley Research Center. Actually at the moment 
we think that the Scout is going to be available before the dates shown 
here. [Deleted.] These will be fired from Wallops Island rather 
than from Cape Canaveral, and they represent a series of test ve- 
hicles. [Deleted.] 

The last major vehicle that comes into play in this time period is 
the Centaur vehicle which is being transferred to the NASA as of 
July 1. It was started by ARPA. 

[Deleted.] This is after what you might call our stretchout, our 
reprograming in order to get these higher weight capacity vehicles. 

It still is a very heavy program. There are no light periods in 
that program. 

Now this is only part of our total firing program. The remainder 
is shown here for the firings relative to Project Mercury or the man 
in space. 

These fall into several categories. [Deleted. ] 

We will have a set of firings using the production Atlas and—— 

Senator Stennis. Excuse me just a minute. 

(Brief recess. ) 

Senator Srennis. All right; pardon me for that interruption. 

Proceed. 

Mr. Wyatt. [ Deleted. ] 

This is to confirm the design and to verify that the principles, con- 
struction and design principles, of the capsule are correct. They are 
full-scale capsules but they are not final flight capsules. 

They are rather what we call battleship models, but they will con- 
firm certain of the design principles. The “L” refers to what is 
called Little Joe. We call it Little Joe because it is such a little thing 
compared with the Atlas. 

[ Deleted. } 

Now these capsules as indicated are not the final models, but they 
are hardware battleship simulation, that is rough simulation. [De- 
leted. ] 

Here we will start qualification flights of the actual capsule includ- 
ing its equipment. By qualification flight we mean we fire the cap- 
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sule with all of its gear in it and see if it does in fact work, if we can 
recover it, if all the components continue to work, and we will go 
through a series of flights with only instrumented capsules and some 
with animals in them, and we will actually check the physiological 
processes of the animals. 

[ Deleted. | 

Then we come down to the Redstone boosters which we find con- 
venient for training flights. [ Deleted. | 

Finally we come down to the orbital qualification. Down here is 
the first time we put the capsule itself on a complete orbit for one to 
three passes and then bring it back at direction, recover it, examine 
it. [ Deleted. | 

So we have all of these firings plus all of these firings. [De- 
leted. | 

Dr. GLENNAN. All except one. 

Mr. Wyarr. Except one. We have this one flight out here. 

Senator Stennis. That is out in space itself ? 

Dr. GLENNAN. That is out in space itself. 

Mr. Wyarr. Out in time and space. But the two programs taken 
together give us a very heavy firing schedule for this time period of 
the next 2M, years. These are, of course, planning schedules. They 
are prelimini ry, tentative, whatever words you want. And there 
will be changes not just due to slippage but due to the many complexi- 
ties of scheduling these in with competing projects. 

Some of these we have to schedule against one another and we 
have to schedule them in with the Department of Defense projects 
as far as launching pad availablity goes. 

Grossly this is our firing schedule for the next 21% years. 

Dr. GLE nNAN. Thank you, Mr. Wyatt. 

Senator Stennis. Senator Martin, do you have some questions ? 

Senator Cannon ? 

Senator Cannon. Just one question, Mr. Wyatt. 

Why are you using different boosters up there in that qualification 
series ? 

What is the point of using three or four different types of boosters? 

Mr. Wyarr. Because we can simulate different critical conditions 
that we want. For example, with the Redstone it is possible to get 
a condition which simulates the worst case, if in the flight program, 
the final flight program, the man has to what we call abort the flight 
after he is well up in the air. 

This is when he hits his most critical reentry condition. He is al- 
most up to full speed, doesn’t quite make it, has to reenter. ‘The Red- 
stone works out technically to allow us to simulate that flight very 
well. Now the Little Joe and the Atlas similarly give us different 
ranges, different altitudes, and we can pick different parts of the 
final flight path, and simulate those parts of the path. 

Dr. Drypven. Little Joe costs about a sixth as much as an Atlas. 

Senator Stennis. Are you through answering Senator Cannon? 
Senator Cannon, do you have anything else ? 

Senator Cannon. No, sir. 

Senator Stennis. Would you run over that briefly for Senator 
Smith. She was detained on other matters. Just Project Mercury 
and then summarize. 
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Senator Smith ? 

Senator Srennis. I am sorry I was delayed on other business. 

Senator Stennis. I wanted you to see this. 

Mr. Wyarr. Project Mercury has phases of development. [De- 
leted.] Now these are not the actual flight capsules yet. This is a 
cabin in which the man rides. But they are full scale models that 
we actually build in our own shops that contain the principal ele- 
ments. And we fire them at different conditions in order to verify 
the soundness of the design. 

{ Deleted. | 

The capsules will be used over and over again. These are not one- 
shot affairs but we recover them, expect to have to do minor rework 
and then can use them again. So in here we also qualify these cap- 
sules with their full set of instruments, the life support system and 
so forth. 

| Deleted. } 

Then starting down in the training phase down in here, we again 
have some more animal flights and we begin to put man in to train 
the pilot. [Deleted.] 

He will have a chance to get both physiologically and psychologi- 
cally adjusted to this final orbital flight which will come down in this 
series of flights we call orbital qualifications. 

These flights are to qualify the capsule, the whole system without 
& man in it, when we actually send it around the world from one to 
three times and call it in on command and recover it. 

After we have demonstrated that we can recover this where we 
want to when we want to, and that everything is working so that a 
man can be supported, then some place out in here a man will go into 
the capsule and will go into the first manned orbital flight. 

{ Deleted. | 

Senator Stennis. One question before we leave your presentation. 

You spoke of the cancellation of the Venus shot. 

Mr. Wyartr. The postponement. 

Senator Stennis. Does that mean you will need less money for fiscal 
year 1960? 

Mr. Wyatt. No, sir. We are not saving any money. We are sav- 
ing money indirectly with that. The shots were not at a technical 
point where for anything other than an attempt at prestige would it 
have paid us to shoot them. 

We felt that the technical chances of completing the shots success- 
fully fere not good and, rather than just shoot it because people would 
expect us to shoot it, we canceled. 

But we will reuse those three vehicles as I explained. 

| Deleted. ] 

Senator Stennis. That question might come up somewhere and we 
ought to have it in the record. : 

Dr. Drypen. We don’t like successful failures, and what happened 
was that in the ground tests that we asked the contractor to make, to 
investigate various questionable points, it became apparent that this 
would not be successful, that some further work had to be done. 

Senator Stennis. What is your next matter, sir? 
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PROPOSED LANGUAGE CHANGES 


Dr. Guennan. I think then the only matter that remains is the 
language in the bill, and it may be you will want to go back into open 
session, 

Senator Srennis. I don’t know that we should do that. I think we 
can go ahead in executive session. What is your comment now on 
the language ? 

Mr. Nunn. Mr. Chairman, the remarks that I have to make on the 
language of the bill are directed to the bill which we submitted on 
the 14th of April to both the House and the Senate. 

Senator Stennis. Let’s see if every committee member now has the 
bill with the language proposals. The bill that was submitted to us 
is S. 1582. Isthat the one you are talking about ? 

Mr. Nunn. I can speak to that, Mr. Chairman. 

In so doing I want to bring out differences between that bill and the 
bill which the administration submitted. 

Senator Stennis. I think you should. Let’s get before us now the 
bills in question. 

Mr. Lenrer. This is the proposed bill to which Mr. Nunn refers, 
which was transmitted to the Ccogeens more than a week after the 
committee had introduced S. 1582 in the Senate. It was therefore 
felt unnecessary to recall the bill and introduce a new one. 

(The text of S. 1582, the letter transmitting the NASA proposed 
bill, and the text of the NASA proposed bill are as follows :) 


[S. 1582, 86th Cong., 1st sess. ] 


A BILL To authorize appropriations to the National Aeronautics and Space Administration 
for salaries and expenses, research and development, construction and equipment, and for 
other purposes 


Be it enacted by the Senate and House of Representatives of the United States 
of America in Congress assembied, That (a) there is hereby authorized to be 
appropriated to the National Aeronautics and Space Administration for the 
fiscal year 1960 the sum of $485,300,000, as follows: 

(1) For “Salaries and expenses”, $94,4330,000. 

(2) For “Research and development’, $333,070,000. 

(3) For acquisition or condemnation of real property, for plant and facility 
acquisition, construction, or expansion, and for other items of a capital nature, 
$57,800,000, as follows: 

(A) Langley Research Center, Hampton, Virginia: Alterations to thermal 
structures tunnel; analytical computing equipment; conversion of gust tunnel 
to noise research laboratory; conversion of test cells to noise test facility; and 
heater and vacuum system for gas dynamics laboratory, $4,580,000. 

(B) Ames Research Center, Moffet Field, California: Data reduction center 
and mass transfer cooling and aerodynamics facility, $6,555,000. 

(€) Lewis Research Center, Cleveland, Ohio: Ion and plasma jet facility; 
zero-power reactor; in-pile loop; and approximately twenty-five acres of land, 

(D) High-speed flight station, Edwards, California: Building additions, ana- 
log computing equipment; and terminal guidance facility, $2,805,000. 

(E) Beltsville Space Center, Beltsville, Maryland: Central flight control and 
range operations building; space sciences laboratory; instrument construction 
and installation laboratory ; and utility installations, $14,000,000. 

(F) Pacific Missile Range, Point Arguello, California: Launching facilities, 
including flight vehicle assembly and check-out facility with equipment for 
special experiments, $3,000,000. 

(G) Various locations: Global range tracking and communication facilities 
and equipment; facilities for Rover program; and propulsion development fa- 
cilities, $20,000,000. 
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(b) Authorization is hereby granted whereby any of the amounts prescribed 
in subparagraphs (A), (B), (C), (D), (EB), (F), or (G) of subsection (a) (8) 
may, in the discretion of the Administrator of the National Aeronautics and 
Space Administration, be varied upward 5 per centum to meet unusual cost 
variations, but the total cost of all work authorized under such subparagraphs 
shall not exceed a total of $57,800,000. 

Sec. 2. Any amount, not to exceed $500,000, of the funds appropriated pur- 
suant to authorization of subsection (a) (3) of the first section for the construc- 
tion of facilities described under such subsection may, with the approval of the 
Bureau of the Budget, be used for the construction of new research facilities or 
for the modification of existing research facilities not specifically authorized 
in this Act, if such construction or modification is deemed by the Administrator 
of the National Aeronautics and Space Administration to be of greater urgency 
than the construction of any facility authorized by this Act: Provided, That 
upon reaching a final decision to implement, the Administrator or his designee 
shall notify the Committee on Science and Astronautics of the House of Repre- 
sentatives and the Committee on Aeronautical and Space Sciences of the Senate 
of the cost of such construction of new research facilities or the modification of 
existing research facilities: Provided further, That no such funds shall be used 
for the construction or modification of any facility if funds for such construc- 
tion or modification have been previously denied by the Congress. 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION, 
Washington, D.C., April 15, 1959. 
Hon. RicHarp M. NIXxon, 
Vice President of the United States, 
U.S, Senate, Washington, D.C. 

DeAR Mr. VICE PRESIDENT: The National Aeronautics and Space Administra- 
tion respectfully submits for your consideration a draft of proposed bill “To 
authorize appropriations to the National Aeronautics and Space Administra- 
tion for salaries and expenses, research and development, construction and 
equipment, and for other purposes.” 

The purpose of the proposed legislation is to provide legislative authorization 
for the NASA’s 1960 regular appropriations as approved by the Bureau of the 
Budget. 

The NASA has been authorized by the Bureau of the Budget to submit this 
proposed legislation to the Congress. It is respectfully requested that it be 
introduced in the 86th Congress. 

Sincerely, 
T. KEITH GLENNAN, Administrator. 
A BILL To authorize appropriations to the National Aeronautics and Space Administration 


for salaries and expenses, research and development, construction and equipment, and for 
other purposes. 


Be it enacted by the Senate and House of Representatives of the United States 
of America in Congress assembled, That there are hereby authorized to be appro- 
priated to the National Aeronautics and Space Administration for the fiscal year 
1960 (a) such sums aS may be required for “Salaries and expenses” and for 
“Research and development,” and (b) the sum of $57,800,000 for “Construction 
and equipment,” as follows: 

(1) Langley Research Center, Hampton, Virginia: Alterations to thermal 
structures tunnel; analytical computing equipment; conversion of gust tun- 
nel to noise research laboratory; conversion of test cells to noise test facil- 
ity; and heater and vacuum system for gas dynamics laboratory, $4,580,000. 

(2) Ames Research Center, Moffett Field, California: Data reduction 
center and mass transfer cooling and aerodynamics facility, $6,555,000. 

(3) Lewis Research Center, Cleveland, Ohio: Ion and plasma jet facility ; 
zero-power reactor; in-pile loop; and approximately 25 acres of land, 
$6,860,000. 

(4) High-Speed Flight Station, Edwards, California: Building additions ; 
analog computing equipment; and terminal guidance facility, $2,805,000. 

(5) Beltsville Space Center, Beltsville, Maryland: Central flight control 
and range operations building; space sciences laboratory; instrument con- 
struction and installation laboratory; and utility installations, $14,000,000. 
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(6) Pacific Missile Range, Point Arguello, California: Launching facili- 
ties, including flight vehicle assembly and check-out facility with equipment 
for special experiments, $3,000,000. 

(7) Various locations: Global range tracking and communication facili- 
ties and equipment; facilities for Rover program; and propulsion develop- 
ment facilities, $20,000,000. 

(ec) Appropriations for “Research and development” may be used for any 
items of a capital nature (other than acquisition of land) which may be required 
for the performance of research and development contracts. 

(ad) When so specified in an appropriation act, any amount appropriated for - 
“Research and development” and for “Construction and equipment” may remain 
available without fiscal year limitation. 

Sec. 2. Authorization is hereby granted whereby any of the amounts prescribed 
in subparagraphs (1), (2), (3), (4), (5), (6), or (7) of section 1(b) may, in 
the discretion of the Administrator of the National Aeronautics and Space 
Administration, be varied upward 5 per centum to meet unusual cost variations, 
but the total cost of all work authorized under such subparagraphs shall not 
exceed a total of $57,800,000. 

Sec. 3. Any amount, not to exceed- $5,000,000, of the funds appropriated for 
“Construction and equipment” pursuant to this Act, may be used to construct, 
expand, or modify laboratories and other installations, if found by the Adminis- 
trator to be necessary because of changes in the national program of aeronau- 
tical and space activities or new scientific or engineering developments and if the 
Administrator determines that deferral until the next authorization act would 
be inconsistent with the interests of the Nation in aeronautical and space activi- 
ties, and in connection therewith to acquire, construct, convert, rehabilitate, or 
install permanent or temporary public works, including land acquisition, site 
preparation, appurtenances, utilities, and equipment: Provided, That upon 
reaching a final decision to implement, the Administrator or his designee shall 
notify the Committee on Science and Astronautics of the House of Representa- 
tives and the Committee on Aeronautical and Space Sciences of the Senate of 
the cost of such construction, expansion, or modification including those real 
estate actions pertaining thereto: Provided further, That no such funds shall be 
used for such construction, expansion, or modification if authorization for such 
construction, expansion, or modification has been previously denied by the Con- 
gress; and additional appropriations are hereby authorized for purposes of this 
section in the amount of $5,000,000. 


Senator Stennis. Here is the text, then, that you want to testify 
from, plus the House amendment ? 

Mr. Nunn. Yes. 

Senator Srennts. I think everyone has it now. Proceed. 

_ Mr. Nunn. The first section, section 1 (a) and (b), provides author- 
ization for appropriations of funds in three categories: “Salary and 
expenses,” “Research and development,” and “Construction and 
equipment.” A few general remarks with respect to those three cate- 
gories might be in order. 

The “Research and development” title is the one intended to com- 
prehend all of the aeronautic and space activities of the Administra- 
tion except those that are covered by the other two titles. 

The “Salaries and expenses” appropriation provides funds for all 
employees, personnel, and supporting activities. The “Construction 
and equipment” appropriation provides funds for all of the real prop- 
erty items, construction, and major items of a capital nature for 
NASA’s own installations. 

With those three categories in mind, let’s proceed to look at the bill 
as submitted, section by section. 

_Section 1(c) on page 2, is a new provision designed to eliminate 
difficulties which we have experienced in connection with research 
and development contracting. As you know, section 307(a) of the 
basic NASA Act withholds authorization for certain types of appro- 
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yriations. It does not authorize appropriations for real property or 
for other items of a capital nature whose estimated cost exceeds 
$250,000. As a consequence, we have found ourselves in an inflexible 
position in relation to contractors with whom we do business. Let 
me explain this. 

We are entering many new areas of research and development, new 
in relation to the activities of NACA. Hence, our contractual nego- 
tiations, using research and development appropriations, give rise to 
the need for various items of a capital nature, facilities and equip- 
ment, of one sort and another, the cost of which exceeds $250,000. 

Now these facilities or items of a capital nature cannot be antici- 
pated in time to permit their inclusion in an authorization bill. And 
yet their acquistion—or their construction or modification or what- 
ever may be involved—is absolutely essential to the performance of 
the research and development contract. 

Section 1(c) here would authorize the use of research and develop- 
ment funds for the acquisition, construction, or expansion of plant 
or facilities or other items of a capital nature, but only where needed 
in the performance of a research and development contract. 

For example, in connection with developing a new vehicle or a new 
booster, it may be necessary to build a test stand—including site prep- 
aration, engineering, including construction of a blockhouse, other 
buildings, and fixtures, including the tall steel superstructure, and all 
the wiring and equipment, all the piping and tankage, and the ae- 
quisition and installation of all items of any kind necessary to make 
the facility operative. Now this might be done on public or private 
land using these funds under this authorization. However, of course, 
no land would be acquired, purchased, or otherwise acquired with 
research and development funds. The plant or facilities or the items 
of a capital nature might be more or less than $250,000, and they 
might be of a permanent or a temporary nature and located any- 
where in the world. 

The reason I go into this illustration is to explain what is intended 
by the language so that the committee will have a clear concept of it. 

The important fact with respect to subparagraph (c) is that such 
use of research and development funds must be required for the per- 
formance of a research and development contract. 

Senator Stennis. Let me interrupt you right there. We have a 
rather strict rule in the military construction bill about authoriza- 
tion over in the Armed Services Committee, where I also serve. I 
know you are in an experimental field here and I don’t want to draw 
the line too strictly, but you say items of a capital nature. That could 
include a great many things. You said a test stand; I want to know 
would that include a hangar? Sometimes we debate a day over 
whether or not we will include a hangar someplace and so forth. 
What is your comment on this? 

Dr. Dryven. I think a concrete illustration, Mr. Chairman, might 
help. We had competition for a million-and-a-half-pound engine. 
The award, as you know, finally went to Rocketdyne. Now Rocket- 
dyne owns a lot of facilities paid for by the Government at Santa 
Susanna, their own test stand. 

They also make use of Government-owned facilities at the rocket 
station at Edwards Air Force Base. Now in order to carry on work 
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on this engine, they need to modify certain of the facilities at Santa 
Susanna; we wor ked out an agreement with the Air Force by which 
the Air Force made the facilities available. 

But we can’t expect the Air Force to put out money for their modi- 
tication to do our contract. We could not foresee who the contractor 
was going to be in advance so that we could put in a line item. 

We do find in this budget, I think, one or two such items that we 
foresaw. But, in committing our funds next year, we cannot tell in 
advance who the contractor is going to be, what he might need at his 
plant of a capital nature to carry on ‘the work. 

The bill prevents us from expending any amount greater than 
$250,000 without some form of authorization. But this is the situa- 
tion in which we find ourselves. 

Senator Stennis. Do you have something further ? 

Mr. Nunn. I want to add to what Dr. Dryden said that the mili- 
tary is not similarly restrained. For instance, in the Air Force the 
“Aircraft, missiles, ‘and related procurement” appropriation is avail- 
able for the expansion of public and private plants. 

Senator Stennis. I didn’t say procurement, now. I was talking 
about military construction. 

Mr. Nunn. Let me say that there is no intent with respect to this 
subsection (c) to utilize these research and development funds for 
the purpose of building up the NASA plant or the NASA facilities 
or laboratories or installations. 

Senator Srennis. What kind of language assurances and restric- 
tions could you give us there? I think we want to give you what you 
want, what you feel you need. But, at the same time, to keep 
from setting a bad precedent and to avoid unfavorable comparisons, 
with other policies in other committees, see if you can’t work out 
some kind of restrictive language here that would still give you 
the leeway you need and that would protect us. Do you want a little 
time to do that? 

Mr. Nunn. I would want some time. The idea that you have sug- 
gested is that some further restrictive language be devised. 

Senator Stennis. Yes, sir. 

Mr. Nunn. I would like to suggest, Mr. Chairman, that, by rather 
full testimony on the language that we have suggested, we can shed 
a good deal of light on the meaning and the intent of it. 

Senator Stennis. I think so, too. 

Mr. Nunn. I would like to pursue that, if we can. 

Senator Srennis. You can testify all you wish, but the way it 
strikes me I think we need something that is more restrictive than just 

“items of a capital nature other than the acquisition of land,” because 
I think someone else might interpret that to mean anything except 
land. 

Mr. Nunn. The test that we are relying on, sir, is items which may 
be “required for the performance of research and development con- 
tracts.” 

Senator Stennis. How much is the sum you are asking authoriza- 
tion for now, for research and development contracts, sir? 

Dr. GLENNAN. $333 million. 

_ Senator Srennis. That shows what a broad field you have there, 

333 million. I think we will have to have some guidelines on that 
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language. I believe you can do it. I think you and Mr. Lehrer here 
can carry on from there and take care of our problem. All right; 
do you have: anything further on the language ¢ 

Mr. Nunn. Proceeding to the next section of the bill, it is subsec- 
tion (d). That provision is intended to eliminate any legal doubt 
that the funds in those two titles, “Research and development” and 

“Construction and equipment,” are available without fiscal year lim- 
itation. 

Senator STENNIs. Yes. 

Mr. Nunn. A doubt might arise from the phrase “for the fiscal 
year 1960” in section 1(a). 

Senator Srennis. All right. Proceed. 

Mr. Nunn. I refer then to section 2. 

That is a fairly standard provision that NACA has been accus- 
tomed to and that appeared in the last authorization act for fiscal year 
1959 the supplemental. There is no particular comment to be made 
with respect to it unless there are any questions. 

Senator STENNIs. Section 2 agrees with accepted standards, I think. 
Unless there are questions, go <a 

Mr. Nunn. I would refer then to section 3. This isa provision that 
will provide a kind of flexibility that is different from the kind of 
flexibility that is provided by see tion 2. 

Under section 2,5 percent of any one item authorized in the con- 
struction category may be added to that item, if taken away from 
some other item in thec onstruc tion category. 

In connection with section 3, the flexibility is expressed in dollars— 
not percent. The provision would permit NASA to use up to $5 
million of funds appropriated for construction and equipment pur- 
poses, to construct, expand, or modify laboratories or installations on 
two grounds. 

If the actions are found by the Administrator to be required by 
rapidly changing program needs, or by technological breakthroughs. 
and if a determination is made by the Administrator that deferral 
of the item until the next authorization act would not be in the na- 
tional interest. Now this is, in a sense, reprograming flexibility. 

It. is subject also to the provision that, upon reaching a final de- 
cision, the committees would be notified. 

Furthermore, this authority, this flexibility, would not—indeed, 
could not—be used in order to accomplish some item of construc- 
tion which the Congress had previously denied. 

Senator Stennis. That would apply to your same construction and 
equipment, $57.8 million. 

Mr. Nunn. That is correct; it applies to the $57.8 million, sir. 

Senator Stennis. A little less than 10 percent. 

Dr. Drypen. The amount is determined by such considerations as 
these. This is roughly the cost of a test stand. If we got into a 
situation where for reasons that we had not foreseen we had to build 
a new test stand, it would take a sum of this order and magnitude 
to do it. It would not result in any increase in the total funds ap- 
propriated. 

Senator Stennis. While we are on this, then, are there any ques- 
tions on section 3¢ This is in keeping, I think, with practices that 
have been congressionally approved in many bills. 
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Mr. Nunn. I should make it clear to the committee, to complete 
this comment with respect to section 3, that the very last clause of 
it states: 

Additional appropriations are hereby authorized for purposes of this section 
in the amount of $5 million. 

This signifies that a second method of financing an unforeseen de- 
velopment that is deemed by the Administrator to be of an urgent 
character would be to return to the Congress, to the Appropriations 
Committees, and seek an appropriation to do whatever the unforeseen 
item calls for. This i is, in effect, unfunded authorization. Naturally, 
before returning to the Congress or to the Appropriations Committees 
with such a request, the request would be approved by the Bureau of' 
the Budget. 

Senator Stennis. What about that last clause now in section 3? It 
seems that you are asking for additional appropriations. 

Mr. Nunn. Additional authorization, sir. 

Dr. GLENNAN. This is an amount, Mr. Chairman, of $5 million 
which we would ask the authorization action on, but which could 
not be used unless we went back through the Bureau of the Budget 
in the executive branch and submitted to the Appropriations Com- 
mittee a request for funds not in excess of $5 million. 

In essence it is authorizing $5 million more than we have asked 
to be appropriated in order to give that flexibility. In the event 
that an emergency need might arise this might happen while Congress 
is out of session, we could ; get on with preparing our papers for ac- 
tion very early in the next session. 

Senator Stennis. You have a flexibility here as between projects. 

You could vary them up to 5 percent. 

Dr. GLennan. That is right. 

Senator Stennis. Then you could come over into this other cate- 
gory and you would have another flexibility there ? 

Mr. Nunn. That is correct. 

Senator STENNIS. — thie you are authorized at least even though 
you don’ t have the money ¢ 


Senator STENNIS. ~ that you do have the authori ity to proceed. 

Dr. Guennan. That is right. 

Senator Stennis.—to the extent of $5 million. 

Dr. Drypen. This is suggested by the fact that this year it has taken 
5 months to get the first supplemental authorization bill through. 

This will permit us to go to the Appropriation Committee in Jan- 
uary. Thisisthe point. 

Senator Srennis. I think you are entitled to some flexibility, but on 
top of those we have mentioned now you are asking for this c lause over 
here, clause C, “Any items of a capital nature” w ithin this $330 million 
top. And that is where we want you to specify and point out a little 
more. 

Dr. Drypen. Could we get some guidance on what is in your mind, 
sir. Certainly there is no reason why we should not be restricted from 
spending any of this to build up existing NASA installations. Is this 
what you have in mind ? 

Senator Srennis. That is one thing. I think we could work out 
something on the language here with you gentlemen and Mr. Lehrer 





824 NASA AUTHORIZATION FOR FISCAL YEAR 1960 


within a few minutes maybe, but I don’t believe it would serve any 
purpose in discussing it further now. 

Do you have anything else on language you want to say ? 

Mr. Nunn. I have nothing more on that. That covers the bill that 
we saliaditted 

Senator Stennis. All right; let’s ask questions now. There is lan- 
guage in the bill here and then language that the House added. Did 
you want to make any comment on that or will you make any comment 
on the language added by the House? You might quote it first and 
then comment on it. 

Dr. GuenNAN. Is that on the authorization? 

Mr. Lenrer. Yes. 

Dr. GLENNAN. I would make this comment. I believe this is with 
respect to the continuation of the authorization procedure. 

Senator Stennis. I understand that is one of the items on the ques- 
tion of the continuation of authorization. We have not discussed that 
around the table. 

Dr. GLENNAN. I would like to make it very clear that we have I 
think very much appreciated the opportunity of spending time with 
all of you in having you understand more clearly what we are trying 
to do. 

To a very considerable extent this sharpens up some of the things 
that we mete slough over otherwise. 

It is a fact I believe that there is tendency to be delayed in getting 
peace through as a result of this procedure. I would hope 
that we could always come before you and keep you fully informed. 

I would hope that you would keep an open mind as time goes on as 
to the necessity for continuing and the desirability for continuing the 
authorization procedure as such. 

We are not convinced one way or the other at the moment of this. 
I have used the term a good many times in these hearings we are a 
very new agency in terms of the kind of a responsibility that we have. 

[ think it has been helpful to us and I hope helpful to you to be 
able to tell you as fully as possible, as is evidenced by that fine docu- 
ment you have, of our program. 

Dr. Dryven. I think the only thing that makes us a bit restive, Mr. 
Chairman, is the fact that this late in the session we have made no 
progress on appropriations either for supplemental 1959 or supple- 
mental 1960. We can’t tell whether a bill will be through by July 1. 
I haven’t the slightest idea. 

Now this is the only aspect of it that makes us a bit restive. 

We certainly have not objected to the procedures of testifving as 
fully as you wish. 

We are quite content. in the early stages of our dealing with one 
another. We are not making any request of you one way or another 
on this matter. 

We are leaving it to the Congress where there seems to be some 
difference of opinion. We are staying out of that for the time being. 

Senator Srennis. I think it is quite helpful to us to have you come 
here and discuss your program. I hope it has been helpful to you. 

Dr. Drypven. Very helpful. 

Senator Stennis. We appreciate very much your attitude about it. 
We will discuss that around the table here and use our best judgment 
on it. 
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Senator Smith, do you have any questions now ? 
Senator Smirn. No, I think not, sir. 

Senator Stennis. Senator Cannon? 

Senator Cannon. No, sir. 

Senator Stennis. Senator Martin? 

Senator Martin. I would like to ask your opinion of the modifica- 
tions made by the House on this authorization. Does it generally 
meet your 

Dr. GLENNAN. You mean on the total bill? 

Senator Martin. Yes. 

Dr. Guennan. The fact that they have deleted or taken out of our 
bill this $4,750,000 which we are asking and essentially pleading with 
you to put back in so that it will get back into conference, this we feel 
pretty strongly about, I am going to submit for the record as good a 
statement as I can give you on this. With respect to the authoriza- 
tion procedures, I believe they put into the bill a 5-year period on this. 

What I am saying to you or tried to say a moment ago was that I 
hope you will keep an open mind on this and not bind us up forever. 

Senator Martin. I just wanted a brief statement such as that to 
clarify this. All of the other action taken by the House 

Dr. GLENNAN. I don’t think there is anything else that we have any 
quarrel with. Our purpose here, if I may state it very sincerely, is 
to try to work together with you. I think that there has been every 
evidence of great interest on your part. The real problem is how do 
we bring these two mutually interested groups together so that we 
can get on with the job you want us to do with expedition? When 
we do not have as yet even the $45 million that is necessary to push 
these two or three projects ahead, the tracking project and the Mer- 
eury project, for which we want to commit the funds. We actually 
must commit these funds before the end of the fiscal year, but we don’t 
have them. 

Senator Srennis. Let me, for the record, read the language the 
House added on this proposition of authorization. TY don’t think it 
is in the record. The House added this section: 

Notwithstanding the provision of any other law, no appropriation may be 
made to the National Aeronautics and Space Administration for any period 
prior to July 30, 1965, unless previously authorized by legislation hereafter 
enacted by the Congress. 

In other words, they put a 5-year period on it. 

(Discussion off the record.) 

Dr. GLENNAN. What we are talking about here in the context of a 
$333 million request for research and development funds can hardly 
be very much because, if we did divert very much of this money, 
we would not be getting on with the research and development work. 

In one category there, there is, I believe, in the engine category, 
$30,200,000 for the million-and-a-half-pound, single-chamber engine. 

It is possible that at the Santa Susanna location modifications to 
test stands or research and development facilities might run a million 
and a half dollars, might run as much as $5 million. To do that 
we would have.to take it away from something else. 

(Discussion off the record.) 

Senator Stennis. Back on the record here. With reference to the 
item that the House left out—that is the one that it modified because 
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there has not been an actual selection of the site—suppose you give us 
all the criteria you can, go as far as you can on that, and have it ready 
for us with any additions that you can make to us from now until the 
time of the conference will be very helpful if we put it back in. 

Can you do that? 

Off the record again, Mr. Reporter. 

(Discussion off the record.) 

Senator Stennis. Mr. Lehrer, do you have a question on proposed 
language ? 

Mr. Lenrer. Mr. Nunn, in proposing subsection (b) you have indi- 

cated that NASA has a critical need to use research and development 
appropriations for items of a capital nature when they are required 
in connection with the performance of research and development con- 
tracts. I quote the language of your proposal : 

(b) Appropriations for research and development may be used for any items 
of a capital nature (other than acquisition of land) which may be required for 
the performance of research and development contracts. 

This committee feels, however, that there should be some limitation 
on the use of R. & D. funds for construction purposes. Therefore, 
would you comment upon the following limiting language which is 
proposed to be added to subsection (b) : 

Provided, That no more than 10 per centum of the funds appropriated for re- 
search and development pursuant to this Act may be used for such items of a 
capital nature: Provided further, That, whenever the estimated cost of such 
items of a capital nature exceeds $250,000 in connection with the performance 
of any one contract, the Administrator or his designee shall promptly notify 
the House Committee on Science and Astronautics and the Senate Committee 
on Aeronautical and Space Sciences of the nature, location, and estimated cost 
of such items. 

Mr. Nunn. It appears to me that the notice proviso would not give 
rise to serious difficulties. However, I foresee that the 10-percent 
proviso would adversely affect the intended and necessary flexibility 
provided by section (b). In order to carry out its program with dis- 
patch, NASA must adh flexibility in its procurement operations and 
the committee, I am sure, recognizes that this i is the purpose of the 
section. It appears also that a “problem of meaning may arise under 
the proviso in connection with the phrase “items of a capital nature.’ 

In other words, serious accounting and administrative difficulties 
may be caused by the first proviso. Let me explain. 

The 10-percent provision would require that a limitation account be 
established on the books of the Treasury. Administrative procedures 
would have to be established by NASA to accumulate expenditures of 
the class intended so that they could be recorded against the limita- 
tion. Furthermore, additional administrative arrangements, parti- 
cularly in the procurement processes, would have to be made to single 
out from every large and complicated development contract all the 
items of a capital nature not identified as such. Once this laborious 
detailed work of culling such items out of a contractor’s proposal is 
done, then the items would have to be priced and recorded against the 
limitation account. Since the proposed provision contains no basis 
for distinguishing capital from noncapital items and since it makes no 
distinction between major and minor items of a capital nature, the 
administration of the provision would involve a burden of considerable 
magnitude. 
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The basic purpose of section (b) is to provide flexibility in procure- 
ment. I would suggest, therefore, that if the interest of the committee 
is basically cone erned with maintaining a close surveillance over the 
construction of major facilities through the use of research and devel- 
opment appropriations, we should be able to provide for that without 

sacrificing the urgent interests of NASA. I would like to submit a 
substitute pr oposal after giving the matter further thought. 

Mr. Lenrer. The record will be kept open for this purpose. 

(Subsequently submitted for inclusion in the record :) 

The following language is submitted by NASA as a substitute for 
the previously suggested proviso to section (b) of the fiscal year 1960 
Authorization Act as passed by the House of Representatives. 

Provided, That none of the funds appropriated for research and development 
pursuant to this Act may be used for construction of any major facility the esti- 
mated cost of which, including collateral equipment, exceeds $250,000, unless 
the Administrator or his designee notifies the Committee on Science and As- 
tronautics of the House of Representatives and the Committee on Aeronautical 
and Space Sciences of the Senate of the nature, location, and estimated cost of 
such facility. 

The new proviso focuses upon the construction of any major facility. 
This phrase is intended as most descriptive of the subject of the com- 
mittee’s interest in establishing a notification procedure. The phrase 
would refer to such things as buildings, unremovable fixtures, test 
stands, launching pads, blockhouses, industrial facilities, and real 
property improvements. 

The new proviso specifies that the cost of a facility includes “colla- 
teral equipment” so that the committee will be assured that the notice 
given to it in every case will comprehend all of the costs allocable to 
the fac ility as a fully equipped unit or completed component. 

Senator Srennis. Since we have discussed the House action and 
since the bill passed by the House has been referred to this committee, 
a copy of H.R. 7007 will be inserted in the record at this point. 

(H.R. 7007 is as follows :) 


[H.R. 7007, 86th Cong., Ist sess.] 


AN ACT To authorize appropriations to the National Aeronautics and Space Administra- 
tion for salaries and expenses, research and development, construction and equipment, 
and for other purposes 


Be it enacted by the Senate and House of Representatives of the United States 
of America in Congress assembled, That (a) there are hereby authorized to be 
appropriated to the National Aeronautics and Space Administration for the 
fiscal year 1960 the sum of $480,550,000, as follows: 

(1) For “Salaries and expenses,” $94,430,000. 

(2) For “Research and development,” $333,070,000. 

(3) For “Construction and equipment,” $53,050,000, as follows: 

(A) Langley Research Center, Hampton, Virginia: Alterations to thermal 
structures tunnel; analytical computing equipment; conversion of gust tunnel 
to noise research laboratory; conversion of test cells to noise test facility ; and 
heater and vacuum system for gas dynamics laboratory, $4,580,000. 

(B) Ames Research Center, Moffett Field, California: Data reduction center 
and mass transfer cooling and aerodynamics facility, $6,555,000. 

(C) Lewis Research Center, Cleveland, Ohio; Ion and plasma jet facility; 
zero-power reactor; in-pile loop; and approximately twenty-five acres of land, 
$6,860,000. 

(D) High- apeed flight station, Edwards, California: Building additions; 
analog computing equipment ; and terminal guidance facility, $2,805,000. 
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(E) Beltsville Space Center, Beltsville, Maryland: Central flight control and 
range operations building; space sciences laboratory; instrument construction 
and installation laboratory ; and utility installations, $14,000,000. 

(F) Pacific Missile Range, Point Arguello, California: Launching facilities, 
including flight vehicle assembly and check-out facility with equipment for spe- 
cial experiments, $3,000,000. 

(G) Various locations: Global range tracking and communication facilities 
and equipment; facilities for Rover program ; and propulsion development facili- 
ties, $15,250,000: Provided, That the Administrator shall notify the House Com- 
mittee on Science and Astronautics and the Senate Committee on Aeronautical 
and Space Sciences of the site selections before any such facilities are hereafter 
established. 

(b) Appropriations for “Research and development” may be used for any 
items of a capital nature (other than acquisition of land) which may be re- 
quired for the performance of research and development contracts. 

(c) When so specified in an Appropriation Act, any amount appropriated for 
“Research and development” and for “Construction and equipment” may remain 
available without fiscal year limitation. 

Sec. 2. Authorization is hereby granted whereby any of the amounts pre- 
scribed in subparagraphs (A), (B), (C), (D), (E), (F), or (G) of subsection 
(a) (3) may, in the discretion of the Administrator of the National Aeronautics 
and Space Administration, be varied upward 5 per centum to meet unusual cost 
variations, but the total cost of all work authorized under such subparagraphs 
shall not exceed a total of $53,050,000. 

Sec. 5. Any amount, not to exceed $5,000,000, of the funds appropriated for 
“Construction and equipment” pursuant to this Act, may be used to construct, 
expand, or modify laboratories and other installations, if found by the Admin- 
istrator to be necessary because of changes in the national program of aero- 
nautical and space activities or new scientific or engineering developments and 
if the Adininistrator determines that deferral until the next authorization Act 
would be inconsistent with the interests of the Nation in aeronautical and 
space activities, and in connection therewith to acquire, construct, convert, 
rehabilitate, or install permanent or temporary public works, including land 
acquisition, site preparation, appurtenances, utilities, and equipment: Provided, 
That upon reaching a final decision to implement, the Administrator or his 
designee shall notify the Committee on Science and Astronautics of the House 
of Representatives and the Committee on Aeronautical and Space Sciences of 
the Senate of the cost of such construction, expansion, or modification includ- 
ing those real estate actions pertaining thereto: Provided further, That no such 
funds shall be used for such construction, expansion, or modification if author- 
ization for such construction, expansion, or modification has been previously 
denied by the Congress; and additional appropriations are hereby authorized 
for purposes of this section in the amount of $5,000,000. 

Sec, 4. Notwithstanding the provisions of any other law, no appropriation 
may be made to the National Aeronautics and Space Administration for any 
period prior to July 30, 1965, unless previously authorized by legislation here- 
after enacted by the Congress. 

Passed the House of Representatives May 20, 1959. 

Attest: 

RALPH R. Roserts, Clerk. 


Senator Stennis. There may occur to the members of the commit- 
tee or to the staff additional matters, and on request I am sure you 
will be glad to supply the answers and we will keep the record open 
to that effect. 

Otherwise we certainly do thank all of you for coming in and for 
your fine attention. 

Will the committee remain for just a few minutes? I have an 
item or two that I want to bring up. 

(Whereupon, at 4:25 the hearing was adjourned.) 
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